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CAUHiTTAt 


The objects of The Agricultural Ledger are : — 

(i) To provide Information connected with agriculture or with economic products in a 
form which will admit of its ready transfer to ledgers ; 

(a) To secure the maintenance of uniform ledgers (on the plan of the Dictionary) 
in all offices concerned in agricultural subjects throughout India, so that 
references to ledger entries made in any report or publication may be readily 
utilised in all offices where ledgers are kept ; 

(3) To admit of the circulation, in convenient form, of information on any subject 

connected with agneniture or economic products to officials or otheii persons 
interested therein ; 

(4) To secure a connection between all papers of interest published on subjects 

relating to economic products and the official Dictionary of Economic Pro-* 
ducts. With this object the information published in these ledgers will 
uniformly be given under the name and number of the Dictionary article 
which they more especially amplify. When the subject dealt with has not 
been taken up in the Dictionary, the position it very possibly would occupy 
in future iuues of that work will be assigned to it. 
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PEARL FISHING in the BASSEIN DISTRICT. 

Further Beport by the Deputy Commissioner, furnished through the Reoeogo 
Secretary to Government, Burma, together with correspondence rsls&pg 
thereto. 


The following papers contain much additional interesting 
information on the subject dealt with in The Agricultural Ledger 
Ao. j6 of 1896. They are accordingly given as a supplement to 
that issue. 

From the Revenue Secretary to the Chief Commissioner, Burma, to the 
Reporter on Economic Products to the Government of India, — No, ajj~ 
2p. — g, dated Rangoon, the loth March i8gy. 


With reference to the correspondence ending with yoiur letter 
No. 3113 — 191, dated the yih October 1896. I am directed to 
forward, for your information, a copy, with five spare copies, of a 
Report by the Deputy Commissioner, Basiein, regarding the pearl 
fisheries in his district. The specimens referred to by the Deputy 
Commissioner are also forwarded by parcel post. 



Endorsement hy H. TnoMPSotr, Esq., Secretary te the Financial Commie^ 
sioner, Burma, — No. dated the S4th FeOruary 1897. 

Copy of the following with the specimens referred to forwarded to 
the Eevenoe Secretary to the Chief Commissioner, Burmat with 
Kteeooe to his endorsement No. 594'SF. — 16, dated the s8th Ofito* 
her 1896. * 
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Endorsement by H. Thirkell White, Esq,, C.I.E., Commissioner of the 
Irraviaddy Division, — No, — 8, dated the 6th February iSg?. 

Copy of the following, together with enclosures, submitted to the 
Financial Commissioner, Burma, for information with reference to 
his endorsement No. 24q*3F.— 59, dated the 7th November 1896. 


From Captaib F. D. MaX'KZL'L, Deputy Commissioner, Bassein, to the 
Commissioner of the Irrawaddy Division , — No. 358, dated the ist Feb- 
ruary iSgy. 

In continuation of the correspondence ending with your 
No. 5924-2F, — 26, dated the i ith November, I have the honour to 
supply the following information concerning the pearl fisheries of 
this district— information which I have gleaned from men who have 
known these parts for many years and who have collected oysters for 
eating for a long time. 

2. As regards the habits of the mussel, it lives on mud. sand, 
or on rocks. Beds appear and disappear either during or at tlje* end 
of the rains— some say the former, some the latter. The more 
general opinion seems to be that they appear about November, 

liVM* when the water is getting salt. In the paper marked A I send some 

***** shells of the Placuna taken out of the river about 5 miles above its 

mouth on the 2nd January. The man who shewed me this bed 
informed me that the bed appeared last November. I pressed him 
as to whether the bed had not really appeared in the rams but that 
it was in November he knew of it for the first time. He would not 
allow, however, that the bed had appeared before November, and 
said that he was daily oifer the place during the monsoon and saw 
no signs of any oysters. 

3. As to the appearance, disappearance, and breeding of the 

oyster none of the Burmans whom I examined could give me any 
information on the subject. An answer to the question is, however, 
to be found in Theobald, page 124: “The young are hatched 
within the body of the parent and are discharged in cloud-like 
swarms of tiny aeatures to seek each its own living. The embryos 
at first swim freely about, in which stage they represent the perma- 
nent condition of the PtCropoda, but soon droppmg their filament- 
ous organs of motion as tadpoles do their tails, they either attach 
themselves permanently to any convenient roosting place within their 
reach as Ottrea or Cltoina, moor themselves securely by a hyttus 
or cable, like Pinna or Mjtilus, or lead a free and roving life like 
Ctffli**'" or Unio.” See also Dictsonary of Economic ProducU, 
Volume VI., page tii, where the following passage occurs : “ The 
moilusce poesess locomotive powers and frequently disappear from 
ceitaiu and migrate to mote favourable ntuations." The 

Buroane ear that no bed is known to be in eiistence for more than 
six yeaia. unriog that time the action of the sea either covers them 
ip iridi mud, tbna smothering them, or breaks them away from 
dteir moorings, doing them mortal injury. 
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4. Tbe nntnbers to be found in one bed varies very much : some- 
times many millions are found; at others only a few thouswds. 

Sand appears to be the favourite bed> though mud is also appreciated. 

The oyster is also to be found on rocks, but not in such large numbers 
as on sand and on mud. This, the Burmans explained to me, 
because there is only a limited supply of rocky bottom, whereas the 
other two are practically unlimited in extent. I see, however, from 
TAe Agricultural Ledget No. 36 of i8g6 that the oyster prefers a 
muddy bottom — see page 5. The pearl is said to appear when the 
oyster is about three years old, that is to say, never before two years 
and never after four years. The pearls are very minute and require 
a microscope to see them, but a pair of sharp eyes can occasionallv 
pick out the larger pearls. On enquiring why the pearls are so small, 
the villagers say that the pearl as it grows prevents the oyster from 
closing and so allows the mud and sand to get into the shell and 
thus to kill the oyster. You will observe from the shells sent 
that they are remarkably flat and that the smallest obstruction would 
prevent the oyster from closing. In many oysters that I examined I 
foun^ three, four, and once as many as eight small pearls, and 
I am informed that sometimes as many as fifteen are found, but they 
are so infinitesimally small that it is extremely difficult to count them. 

When the larger pearls are found they are found usually singly. 

5. The modus operandt of getting the pearls away from the flesh 
is as follows : The oysters having been collected are put into a large 
cauldron of hot water ; they then open and keep open. The flesh 
is then scraped off the shell with a knife and thrown into a basin. 

When the basin is half full it is put in to the sun and the flesh allowed 
to decompose. After three or four days, when the flesh has more or 
less thoroughly decomposed, water is added and the whole mess 
stirred. The pearls being heavier than the decomposing and 
decomposed oyster fall to the bottom and are easily got out of the 
basin. The rest is then passed througn a fine sieve, so that no pearl 
of even the smallest description shall escape. The only thing that 
appears to receive no consideration in the matter are the oysters. It 
is to be hoped that they do not long survive the hot bath ; but on 
this point the villagers appear to be somewhat doubtful, saying that 
they have great tenacity of life and do not finally succumb until 
they have bwn in the basin some hours. 

6. Oysters found on rocks, sand, and on mud produce very 
different quantities of pearls. I gife the following figures for what 
^Jtey are worth — they were given me by men who had worked on 
all the different bottoms last year, so they ought to be fairly accurate 
and of some value “ Three tbousaud oysters found on rocky bottom 
produce Ri weight of pearls, 6,000 from a sandy Attorn and 
40/xx> from a muddy bottom produce the same weight of pearls." 

My informants were unable to explain this great difference, and I am 
nt^le to offer any reasonable suggestion unless tbe following may 
be considered wdbh anything : At page 137 of Theobalo it^ 
stated^ that pearls are ** merely a deposit of tbe lustrous linfaig ' 
material of tbe shell round some foreign and offending (rtiject." . 
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kiSS£b. This view is now apparently disputed, if not exploded. See the 
following from Dictionary of Economic Products, Volume VI , 
page ii8 

The popular notion that the foreign matter is generally a 
gram ot sand is untenable. According to several eminent 
conchologists it is in most cases a minute parasite, but 
Dp, Kelstsirt believes the nucleus to be in most cases at 
least an ovum or ova escaped through the distended coats of 
an overgrown ovary and become imbedded in the interstices 
of the mantle. “ 1 have repeatedly examined see^s or 
young peail/' he writes, in process of formation, and 
with a magnifMng power one-fifth of an inch lens I was able 
to see distinctly the outlines of two or three ova through the 
first or superficial layer of nacre surrounded by groups of 
ova.” His theory is further supported by the fact that 
pearls are most frequently found imbedded in the mantle 
“ near the hinge (the place where the ovarium is most 
likely to be liable to rupture) and by the fact that with 
careful examination he was generally able to find, w*hen the 
pearls were not actually found in the interstices of the 
mantle near that locality, cicatiices on the structure where 
they once existed ” The difference in the wcii,ht-producmg 
capacity of the pearls found on different bottoms would 
seem to give colour to the popular belief that pearls are 
nothing more than ‘‘foreign and offending objects sur- 
rounded by the lustrous lining of the shell, ’ but it is quite 
possible that the real explanation is something quite 
different. 

7. The oysters were said in last year’s report to be found in shallow 
water. This statement is, 1 find, only partially true. The o\sters 

1 found last year were certainly found in shallow water, but I am 
informed that tillagers have ofie? found them in water at various 
depths— 30 feet or more — so that It this is the case there seems no 
reason why they should not live in greater depths still. 

8. I had about 300 oysters opened in my presence, and in each 
I found always one, Bomclimcs two, small crabs. When only one 
it is the ordinary hard-coaicd grey type found on the sands ; when 
there is a second it is to all appearance a different kind altogether^ 
a blue shell and very soft. It is, possible that these craba live 
parasitically in the oysters— Theobald, page ij8. li is noticeable 
too> with reg^d to the remark made there, that it is to the pres^ce 
of these small crabs that the unhcalihintss of the mussel is atuibuted, 
that the Barmans regard the oysier as very unwholesome ; but the 
reaaon they dve is the presence of a minute worm found in nearly 
ever? thelU Even when this worm is extracted the Burman will not 
eat the oyster uncooked, though 1 swallowed several without feeling 
any Ul-wecis. 

^ 9 . In paper marked B I enclose some aheUs exactly similar to 

those found in the river, bui wbkb arc black inside. It may be 
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thought that these are the same as those which are white inside, but 
I think not. The villagers say that the shells are washed up by the 
tide. I examined many hundreds of the shells taken last year by the 
lessee and did not find a single black shell among them. 1 also 
had six or seven men searching the heaps for a black shell but not 
one could be found. Perhaps the shell is a difierent variety of the 
Placuna and one found only out at sea and in deeper water than 
the white shells. 

10. In The Agricultural Ledger No. g 6 of i 8 g 6 , page 5, an 
opinion of Doctor Aloock is quoted to the effect that the pearl fishery 
is npt likely to interfere with the turtle banks, because the turtle prefer 
reefs and Placuna a muddy bottom. As to this I would remark 
that all along the mouth of the Thekithoung river, where Placuna 
are found in large numbers, the turtle known as laitkwe comes up to 
lay its eggs in the season from the month of September to that of 
December. If men were allowed to dive at night off the banks 
where the turtle come, I think there can be no doubt that the turtle 
would be scared away. It may be, and probably is, correct that 
turtle, nrefer reefs, but they do not by any means select the 
sands nearest the reefs to lay their eggs If they did so they would 
not go up the Thekithoung river, but would remain out at sea and 
near Diamond Island. The turtle known as laitpytntha never come 
near the river but remain out at Diamond Island, whereas the 
number of lattkwe which lay there is very small. Out of 50 or 60 
I saw on the island I only saw one lattkwe. 

11. Regarding the remark of the same gentleman, that it is 
unwise to Interfere with the poor people who collect Placuna, I think 
in future that in selling the right to collect oysters it should be 
stipulated that the villagers should be allowed to take what they want 
for their own consumption as the number they would take would be 
insignificant compared to the numbers taken by the lessee. 

Probably 30,000 at most would supply the wants of the villagers. 

I a. In the paper enclosed and marked C I send some substance 
taken from the osrea taltenwahensis from near Haingyi Island by a 
diver from 15 feet of water. The villagers call them pearls, but 
they do not answer to the description of what is generally understood 
by a pearl. 

Perhaps the Reporter on Economic Products would say what 
paper marked C really contains. 

13. Theobald sutes, page isy, that the true pearl oyster is found 
all along the Arakan Coast. The lessee of that part of the district 
recently went up the coast with a view to working these pearl fisheries, 
but 1 have not yet beard the result of this attempt 

14. 1 have not entered into the question as to whether the fisheries 
should be sold yearly as in the last two years, as 1 have not been 
asked to do so. I think, however, if the villagers are allowed to take 
what they want for their own consumption that the fisheries might be 
put op to auction as heretofore. If not sold, it is certain that tb^ 
will be poached by Natives of India. Hiere would hardly seem to ' 
oe any necessity for insisting on s close sesson as the saonsoao Itsdf 
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{Hrti an end to all oyster collecting. Possibly the fisheries should 
wmaxum. allowed to lie fallow for, say 

two years. 


From the Reporter on Economic Products to the Govemmeni of fndio, to 
the Superintendent, Indian Museum, Ctdeettta,—Mo. tScr—tgt, dated 
Calcutta, the o6th March i8gj. 


I have the honour to enclose a printed copy of letter No. 358, 
dated the ist February 1897, from the Deputy Commissioner, 
Basscin, together with the specimens referred to therein as At B, and 
C, and to request the favour of being furnished with your opinion on 
the subject as well as the names of the specimens forwarded. 


Prom the Officiating Superintendent of the Indian Museum, to ike Re- 
porter OH Economic Pt-oiMCts to the Government of India,— No. too, 
dated Calcutta, the agth March tSgj. 

In reply to your letter No. 648—191, dated the »6thi current, I 
have the honour to inform you that the shells referred to therein 
are Placuoa placenta- 



SsiMar 
no. INS 


Prom the Reporter on Economic Products to the Government tf India, to 
the Revenue Secretary to the Chief Commisstonor, Burma, Rangoon,— 
No. 954—i9t> Calcutta, the ith May 1897. 

With reference to your letter No. ay?-* F- — 9 * dated the loih 
March 1897, forwarding printed copies of a report by the Deputy 
CommUsloner of Bassein regarding the pearl fisheries of that District, 
tonether with the specimens referred to therein, I beg to state that 
the specimens marked C were submitted to several of the principal 
predOTS stone dealers here who report as follows “ The specimens 
are not pearls, but are formations of a bony nature found inside 
of oystenwbich are supposed to be the primitive stage of pwls. 
Ai they are, the specimens are of no vaine# Those marked B arc 

ahells of the Placuoa pUcenU also. . 

I This additional information, it is contemplated, shall be pnb- 
lished as a supplement of The AgrieuUwral Udger No. 36 of 1896. 


c. I. c. f • o.-wo, yi «. a A.-waw7 — •.so** 

p. 
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CONSTRUCTION of DAMS and BUNDS in AGRICULTURE; 

A Review of the Official Correspondence on the above sulfeet, prefixed by Pauayu 
selected from the Proceedings of the Agricultural Confersnoe held at Simla in 
October 1893.^By The EDITOR. 


The following passages taken from the Proceedings of the Agri- 
cnhuTftl Conference held in Simla during the and to the of 
October 189^ ma) be usefully given as an introduction to the more 
detailed official correspondence which has been conducted on 
subject of Dams and Bunds constructed for the prevention of erosion 
or for the fertilization of soil by silt deposits : — 

*' The first subject on the table for discussion was that of the 
construction of Dams and Bunds for (a) the prevention of erosion, 
and (j) the fertilisation of land by deposit of silt. Oaptain Ohapman 
bad devoted much attention to this subject, and the matter had been 
taken up in a Circular No. 33, dated aist June 189^ (Pegt j below), 
in which information was asked for, regarding acdon taken during 
recentyears and the practices prevailing among agricultural classes. 

“ Tne evidence in the replies to the Circular (pages ^ to 43 below) 
indicated that in many provinces the practice m fc^lizing agri- 
dkltnral land with silt was not uncommon, ewedally in Madras, 
the Central Provinces, Bengal, and parts of the Iiinjab and Bombay. 
On the other hand, the fertilizing silt in many rivers was not utilized, 
noiablir in the case of rivers issuing from the Himalayas. 

“ As aegards the pieventitm of erosion by drainaM and th e red a^ 
SM U i on at mnd at the heads oi ravines, evidence was brought fotwara 
that in the Shahpor district of &e Punjab and on CasUln Ohtpmftin 
EMBte in Ondh experiments in this directimi bad been catried ort 
•nd had proved remnneiative. (AgrUnUsaral Ledger No. /6 of tdp44 
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In the first case worthless land so reclaimed was found to be 
worth Rioo an acre or more ; in the second the cost was Rioo an acre 
and the rent of the reclaimed land Rio an acre. In view of the exten- 
sive and serious deterioration of agricultural land due in some prov- 
inces to drainage erosion, the Conference considered the subject 
of importance. Captain Chapman suggested that the reclamation of 
ravine land would be a useful famine work, and Mr. Miller stated that 
it was included in the list of famine works in the North-Western 
Provinces. The President also stated that it had been recom- 
mended by the Government of India, but that the system could not 
be adopted in time of famine unless it had been previously worked 
out in a practical manner by experiment. This conclusion was 
accepted. 

Mr. RIbbentrop drew attention to the necessity for diminishing 
the damage done by ravines and sandy torrents in the Sub-Hima- 
layan tracts by proper afforestation of the head waters. He subse- 
quently furnished a note on the subjea. (See below.) 


Resolved : 

(1) That the Governinent of India be invited to circulate separately 
the papers submitted to the Conference on the subject. 

(2) ‘‘That the subject betaken under special consideration by the 
Departments in those Provinces where the local conditions might require 
it. {Page rj of Proceedings of the Agricultural Confetence of 


Note by Mr. B. Ribbbntrop, C.I.E., Inspector General of Forests to the 
Government of India, on the roboisement of the heads of destructive 
ravines, 

I. In the discussions, which followed Captain Ohapman‘i interesting 
account of the restoration of ravines, the correctness of the principle, that 
all such improvements must proceed from the head downwai^s, was 
unanimously acknowledged. Tnis may be sufficient as regards ravines 
^ with a gentle incline and somewhat removed from the hills; out when the 
periphery of the ravines to be dealt with indudes head-waters situated in 
mountai^us or hiUr ground, it is necessary that the barrage work should 
be accompanied and even preceded by an afforestation of Uie higher por- 
tions and the steeper slopes, the denudatioo of which is the main cause 
of the existence ot ravines and torrents. Without such afforestation the 
works of reclamation result in a constant and frequently ineffective 
struggle against nature, a fact which has been fully recognised in France, 
whioi* of all Buropean countries has, during the last 30 years, taken the 
lead in redamation works of this kind, ^nd which is consequently able to 
•how the best practical results. 

a. The nagnteode of the works carried out io that Goont^ can be 
gauged by the note appended to the introduebon of L Thierry 't ^ Jemtaura^ 
wiem iUt MosUdgmes, comiHom dee torrents, rehoiuwumt :* when it will be 
seen that, from x86i to i88S, 144*000 hearts were treated at a cost of 
gi/ifOMO francs. 

3. The French literature on the subject 'is very complete as reg^t 
the subject in question, and I would strongly recofumend the Audy 4 the 
book above quo^ end of the work of Al ex e n de r 8urel4 ** Ftmde ear fit 
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4. The whole of the introduction erf Thierry’s book should be read, but 
I would draw special attention to the paragraph on page g, which runs 
as follows : — 


Votci Tordre qiii |^6neraleineiit a M suivi pour rexScutkm des trayaax i 
Trace d^B p^tmiires des t«rraias 4 reboiaer ou 4 roaintenir bojids | 

3^ Reboisement des parties stables ; 

3 ^ Fixation des terrains instables, en oommenfant par les ravins et ea termi* 
oast par la branche pnnapale des torrents ; 

4 ^ Reboisement des terrains instables au fur et 4 mesure de la fixadoo des 
torrents et ravins, sans laquelle ^instability des parties voistnes dtait likCurable. 
{i^agv 46 of I^roctedings of Agricultural Conference of rdpJ.) 

REVIEW OF CORRESPONDENCE, 


The following Review of the correspondence on tbo subject of 
Dams and Bunds may be here given. It may perhaps be as well to 
explain that this does not profess to be a complete statement. All 
letters that contribute additional information (l>ut in some cases only 
passages of such letters) have been quoted. The abstract thus pre- 
sented will, it is believed, convey the chief facts that have been 
brou^t to light. The omissions are nuunly acknowledgments and 
covenng letters. 


Prom Sir E. C. Buck, Kt., C S.I., Secretary to the Government of India, OOVSBHMBR 
to the Secretary to the Governments of Madras, Bomb^ , Benjral, the OF INDIA. 
North-Western Provinces and Oudh, the Punjatv the Chief Commis- 
sioners of the Central Provinces, Burma, and Assam, and the Resident 
at Hyderabad,— No. 33— 1 13, dated 3ist Jane 1893. 


I am directed to request that the Director of Land Records and 
Agriculture may be permitted to collect any information which is 
available or can be obtained without entailing troublesome enquiry 
indicating— 

(A) the action, if any, which has been taken in recent years in 

to promote the construction of 
di^ or bonds for other purposes than that of irrigation, 
rts. ; (a) with the object of preventing erosion by drain- 
age ; (3) of fertilizing land by deposit of soil ; and the 
success or failure of the works in each case. 

(B) the practice, if any, prevailing among the agricultural 
clai^ of constructing dams or bonu with tlw above 
objects. 


s. I am to add that the subject is one which will be brought 
before the next Agricultural Coniereoce, and to ask that an abstract 
of any information available or collected may be forwarded to the 
Govenunent of India by ixth September next. 

3. In connection with tM above enqniir, attention is drawn to tbs 
ap^iended extiaa from ** Irrigation in Souihm Europe ” (Scott-Mon- 
ctM) which will sbortlv be under drcnlatiou as No. I of tbo Agri> 
odtuial Ledger.* 
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Extract from the Proceedings of the Government cf Madras, Revenue 
Department, — No. 2860, dated 3rd August 1893, on the subject of the 
Circular letter from the Government of India Revenue and Agricul’ 
iural Department, — No, 23 — 113, dated Simla, 21st June t8g3. 

Resolution, — ^With reference to the letter from the Government 
of India read above, the Board begs to report that, so far as it is 
aware, no action has been taken of late years in this Presidency to 
promote construction of dams or bunds, either tor (i) the purposes 
of preventing erosion by drainage or for (2) fertilizing land by depo- 
sit of soil. 

2. Reading the practice of the ryots in these tworeSj....j 
there is little or no definite information on record. The ryots in 
ail parts of the Presidency are in the habit of making up small 
dams or banks to prevent erosion of their fields where the fall is consi- 
derable. In many places, also, the small bunds round the ]>addy- 
fields are made and kept higher than is absolutely necessary to retain 
a sufficiency of water for the aop in order to secure a deposition of 
silt from the irrigation water, thus gradually improving the la^di All 
Collectors will, however, be requested to submit, before the 1 5th 
August next, any further and more detailed information regarding the 
practices prevailing in these matters in their districts, and from these 
reports the Board will prepare an abstract for the information of the 
Government of India as desired in paragraph 2 of its letter. 

Resolution — dated aoth September 1S93, 

A prMs of the reports received frona Collectors regarding the 
construction of dams or bunds for (i) fertilizing lands by the deposit 
of silt and (a) for preventihg erosion by drainage will be submiued 
to Government in continuation of Board's Proceedings, dated 28th 
July 1^3, No. 319. 

s. The reports of Collectors give very little information in addi- 
tion to what is already contained in the Board's Proceedings above 
quoted. In a few cases in the Coimbatore and Bellary districts 
loans are stated to have been granted under the Land Improvement 
Loans Act for the construction of bunds and dams intended to serve 
the poiposes referred to by the Government of India. Beyond this no 
action ^ been taken by Government to promote the construction 
of such works. 

5 . The agricoltuial classes are well acquainted with the beneficial 
ta raising sacfa works both for preventing erosion and catch- 
ing silt deposits, and t^y construct these works wherever they are 
likely to be profitable. It must, however, be remarked that the 
erecUon of these works for the express purpose of securing deposiu 
of silt la more or less exceptional and seems to be confined to por- 
tions of the distrktt of Coimbatore, Salem, Kumool and Cudda^ ; 
but the aasall bunds, which are everywhese pot up round paddy 
fields for reuUmng a sufficiency of water for the crop, indirectly 
aecnie Uie above AJect and |»«v«Bt the soil and die manure thereon 
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from being washed away by drainage water. The bunds are mostly 
of earth and occasionally of stones or masonry. In the hilly dis- 
tricts, lands On hill slopes are protected from erosion by terracing 
and cutting side channels for the drainage water. 

Precis 0/ reports received from Collectors. 

Qaisjdnt , — The ryots protect exposed portions of their fields from 
erosion by building small clams or bunds to divert storm-water and by 
banking up the sides which are exposed to streams. They do not con- 
struct bunds for the express purpose of detaining silt, but the system of 
rain-fed irrigation common in the district, which consist in terracing lands 
wliich have no source of irrigation and would otherwise grow only dry 
crops, so that each field becomes in effect a small tank for the supply of 
its own crop and the crops of the lands below it, docs very much not only 
to detain in the paddy fields the silt coming down from dry lands at a 
higher level, but also to prevent the soil and manure in the fields them- 
selves from being washeci away. 

Ftoagajiaiam.— The Collector has nothing to add to the inform- 
ation given by the Board in its Proceedings, No. 319, dated 28th July 

1893- 

Cl^davaTi * — The Collector has no information in his office as to the 
practice prevailing among agricultural classes in the matter of the con- 
struction of dams and bunds for purposes other than irrigation. 

R^ort not received though telegraphed for. 

ICwmooZ.— The ryots erect small bunds round their paddy fields to 
retain sufficient water tor their crops and to secure a deposition of silt. 
Owing, however, to sparseness of population and want of capital this is 
not done extensively. 

jBeWary.— In black cotton soils where nallas or water corses are 
formed the soil is liable to be washed away from the surface, and it is usual 
for the ryots to construct, not only mud dams, but also bunds and walls of 
masonry and stone to prevent erosion by drainage and to promote df^sit 
of silt. During the last famine, large advances were given under the Land 
Improvement Loans Act in the western taluks of the district for the con- 
struction of such dams, and these works wherever constructed have been 
found of mat use to the ryots. The lands on the banks of the Hagari 
and Tuneabadra are protected by rough fencing for growing melons. The 
silt wasned up which is apparently detained by the fencing forms a 
valuable accretion to the land but such fencing has had to be put a stop 
to by the levy of prohibitory assessment as diverting the course of the 
stream to the injury of other riparian proprietors. 

Ryots who own lands in the bed of ruined tanks or by 
the side of streams or whose lands are traversed by water-courses are in 
the habit of constructing small bunds, aprons or walls of stone to prevent 
their lands being damaged. Practice of intentional arrest of water for 
the purpose of fertilizing land by dq>osit of silt is very rare, if not 
unknown. 

CudUUtpah^'^Esrthen bunds are thrown up round wet lands, and 
where the lands, dry as well as wet, are liable to be flooded dams of loose 
stonee piled up are made round the fields. These dams and bunds are 
put up to prevent surface soil from being washed away and to promote 
the deposit of silt ; in some places these asms are permanent structures 
rivected with stone. 

^ JFellpre.— The construction of dams or bunds lor purposes other |iiln/ 
tnigation is rare, and where it exists it is restricted to ttie cases ellWMlx 
cited in the Boerd’s Proceedings above quoted. 
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C/tinfjrtejWt.— Construction of dams for the purpose of fertilizing lands 
by the deposit of silt is stated to be not practised in the district, though 
in a few cases bunds arc raised to prevent erosion by drainage and the 
washing away of manure, etc. 

ilf ckfroa.— Small bunds are formed round paddy fklds to secure 
sufficiency of water and prevent manure being washed away. 

South -4rcot.— Ryots dam up small water-courses in order to fertilize 
their beds, leading aw^ the drainage in small deep side channels. 

North Tne Collector has nothing to add to the information 

already given in the Board’s Proceedings above quoted. 

fiotom.— Stone bunds or mud banks with stone revetment are put up 
round fields for the purposes mentioned in the Board’s Proceedings above 
quoted. Where river irrigation is extensive ridges are made round Isftids 
planted with cocoanut, areca and plantain to retain water and secure a 
deposit of silt. There are also cases cf construction of groynes or planta- 
tion of nanal by riparian proprietors and of ridges or stone walls in dry 
lands in places where the ground slopes. The only action taken in the 
district to promote the construction of such dams is the grant of loans in 
some cases under the Land Improvement Loans Act. 

Coimbatore.— The practice of constructing dams and bunds for the 
purposes mentioned prevails in wet villages and in villages where there are 
jungle streams which carry off the surface drainage. Dams for thi pur- 
pcMie of preventing erosion are of masonry work where the fall of water 
IS consiaerable, and in other cases partly of earth and partly of masonry. 
Embankments raised with the objea of arresting the silt and fertilizing 
the land are generally of mud work, an outlet in the form of a calingulaJi 
being proviora for the flow of the surplus water. These earth embank- 
ments also improve the water-supply of wells in the vicinity. State 
loans have been granted in some cases for the construction of such 
dams. 

Ttiehinopoly * — Banks are commonly constructed in the district by 
ryots to prevent erosion, bpt the Collector is not aware that bunds are 
raised for the retention of stU as distinguished from the retention of 
water. 

'IVMS^ore.— The Collector refers to the bunds put up in Tanjore round 
wet lands for the purpose of retaining a Mifficient quantity of water for 
the crop and for securing a deposition d sill from the irrigation water. 
Beyond this Iw is not able to say anything as to the practices of the district, 
being new to it ; ho, however, observes that in the Coimbatore and South 
Canara districts, in both of which ho has served, stone revetted embank- 
ments to prevent erorion of fields by jungle streams are very common, 
and that such dams are also raised for tl^ regulation of the drainage of 
black ociUon soil fields and for arresting deposits of silt It is stated 
further that loans have been given under the ,Land Improvement Loans 
Act for the conAniction of such dams in the Coimbatore district. 

Jfsi4iirw.*— The Collector has nothing to add to what is stated in the 
Board's Prootedingt above quoted. 

IkiMiemllte.— Ryots are careful to defend their fields from erosion by 
the erection of banks and where necessary of masonry wallet They 
store more water in their fi^di than is necessary for irrigatian, and 
Ihdr object in doing so is to secure the benefit of the silt Silt is also 
removed lo fields from tank-beds when these are dry, and the numerous 
tanks with their bunds thus serve the p^poee of embankments for the 
object the Government of India has in view, and no special aetkm in tins 
diiwtAkm saami to be required. 
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JFBjriri*.— The practice of constructing; dams or bunds for the pur- j 
poses referred to does not prevail in the distnct and no help from Govern- 
ment has been sought by ryots for such purposes. On hill slopes erosion 
is prevented terracing and trenching and in swamps by deep trenches 
which carry oft the large flow of water during the monsoons^ 

Malabar Owners of cocoanut gardens on the banks of rivers are 
in the habit of putting up small groynes and in some cases temporary 

K *' ades of bamboos or cocoanut leaves for preventing erosion by 
s. The sides of hills are cut into terraces to prevent crops and soil 
being washed away during the rams. Small dams or ounds arc 
frequently erected in rivers and estuaries for the purpose of reclaim- 
ing land by the deposit of silt. The Collector is not aware of any recent 
works (he apparently refers to Government works) for the pu^ose of 
preventing erosion by drainage or for fertilizing land by the deposit of silt 
He refers to the Enamakkal dam in the Ponnani taluk instructed in 
i8oa, which although mainly intended to prevent the inundation of 
paddy lands by salt water has, he states, the effect of reclaiming land 


gradually by the deposit of silt. 

SmUh Canara.— The Collector states that the practice prevailing 
among the ryots is the same as that described by the Board, out adds 
that jt is very common owing to the undulating nature of the country and 
the heaviness of the rainfall. 
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Extract from the Proceeding of the Board of Revenue^ No^ $700 Mie., 
dated gth October /dpj; forwards the following letter from the Colleo^ 
tor of KMna^^No* j3^6--2r8 Dts.^ dated 20th September jSpj. 

In reply to paragraph 2 of Board’s Proceedings No. 319, dated 28th 
July 1893, ^ the honour to report that the surmises of the Board with 
regard to the practice prevailing among the agricultural classes of con- 
structing dams or bunds with the object of preventing erosion by drainage 
and of fmilising land by the deposit of silt, are correct and of universal 
applicability in %is distnct. 

a« Where fields are situated on a hill side or any declivity, a bund of Grass used 
mud or grass or stone is constructed along the lower margin thereof to tost^ngthe# 

S revent erosion. Almost the same practice is obtained with regard to 
elds on the banks of streams: the bunds in this case are. however. 


elds on the banks of streams; the bunds in this case aret however, 
strengthened by the growth of nanal grass by the side. 

3. The practice 01 depositing silt for the purpose of fertilizing the land Rselamatioa 
is very gmerally resorted to in reclaiming large blocks of marshy and 
saline soils fit for cultivation. The blocks are sub-divided into fields of 
9 or 3 acres each, and bunds are raised all round ; the Kistna water, 
through anicut canals, is then allowed to stand in them for a year or two, 
with the result that the salinity disappears and a good alluvial deposit is 
left cm the surface. The same course is followed to counteract exhaustion 
of soil* The Delta Water-rate Rule VIII provides free supply of anicut 
water for this purpose ; and the concession is largely availed of in reduc- 
ing exteimve swamps into rich paddy-fields. 
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from G. W. Vidal, Esq., I.C.S., Acting Chief Secretary to the Govern- 
ment of Bombay, to the Secretary to the Government of India, Reve- 
nue and Agricultural Department, — No, 6904, dated Bombay Castle, 
the 2$th September iSg^. 

Forwards copy of a memorandum received from the Survey Com- 
missioner and Director of Land Records and Agriculture, furnishing 
the requisite information. 

Mfimarandum by E. C. Ozanne. E»q., I.C.8,t Survey Commie- 
etoner and Director of Land Records and AgricuUmde. 
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The practice of constructing embankments or bunds for purposes 
other than irrigation has long prevailed among the agricultural classes 
both in the hilly tracts and in the open plains of the Deccan, Kama- 
tak and Konkan. The plains of Guzerat are too flat to make such 
dams useful. Sind * is not dependent on rainfall. In Khandesh, the 
practice is not general for reasons not fully apparent. 

a. Field embankments may be divided into three classes, viz., 
(i) those essential to the particular method of cultivation; (2) those 
to correct slopes of fields in undulating lands with a view to prevent 
erosion by surface drainage, etc., and (3) those raised to reclaim 
lands from the sea or tidal rivers. The construction of the last class 
of embankments generally demands large capital, both on account of 
the extent and costliness of embankment necessary and because 
return for capital expenditure is not immediate or early. 

3. In the dry crop lands of the Deccan and the Karnatak em- 
bankments in fields are mostly constructed with the direct object of 
preventing erosion by surface drainage in sloping lands, but by inter- 
cepting flood water, they also catch silt which increases the fertility 
qf the land and store a supply of moisture I’ery important where the 
rainfall is untrustworthy. In the sweet rice lands of the Konkan and 
the hilly tracts of the Western Ghats, embankments are universal for 
impounding water at certain times and for certain periods, in accord- 
ance with the requirements of rain rice cultivation. No doubt, inci- 
dentally, lands situated in the vicini^ of hills are largely benefited by 
deposits of silt which is indeed the only manure which rice land 
receives outside the seed beds. Embankments are made in Ihe 
South Konkan to increase tiie area and depth of soil in the hollows of 
tfie large stretches of sheet rock ^ silt deposit. Salt land reclama- 
tions date far back. The whole Konkan coast is stndded with such 
redainations. Salt marsh is converted into rice land by excluding 
the tide and by gradually sweetening the soil by the passage of rain 
floods in the monsoon. Rice straw, grass and branch loppings are 
need to strengthen the mud embankments which are occasionally 
&umd with stone : and the growth of mangrove and other shrubs that 
flmufah In salt water is encouraged. 

• Thti MssaaliM that tbs prsctks dots aot ofatala ia Sad h {acmract It are. 
' vsHsIsmtf iatmcti lwy oa d thaitachoCinisatioBfaiwtlw^twsBdaiamtlwhiBs, 
shsieg Mas hwW baaM at the lowar aad to fataia the r ataf a B . 
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4. The ordinary field embankments as well as the more pretenti(W 
works of salt lands reclamation dams are generally constructed with 
success. As illustrating the success attained by ordinary ryots in the 
construction of field embankments in the dry crop lands of the 
South Deccan and the Karnatak, the following passage is quoted from 
the Collector of Bijapur’s Administration Report for 1891-93 “The 
other permanent improvements mainly carried out were field embank- 
ments which were made in all directions. Almost the only good 
crops reaped being those enclosed by the present embankments 
naturally demonstrated the advantages of embanking their fields. As 
regards salt land reclamations, the Collector of Thana writes 1 — “this 
system, as practised in Thana, is best described in the Thana Gazet- 
teer, pages 383 and 383. Very considerable reclamations have been 
made since the article was written twelve years ago, and no encourage- 
ment is needed. The process is extremely lucrative ; and the com- 
petition of capital for investment in it is always brisk.” 

5. No recent Government action appears to have been directed 
specially to the encouragement of field embankments, but the District 
OflScers urge that the Takavi advances under the recent liberal rules 
have ^een in reality largely applied for and utilized in carrying out 
this form of agricultural improvement. This belief is supported by 
the figures shown below, which represent the sums granted for con- 
struction and repairs of field embankments in 1893-93 in the several 
districts of the Deccan and the Karnatak. The details are 




FMd 

mentt. 


TaAovI 

Advanoai 
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Districts. 

Amoupt 

Remarks. 

Khandesh . 

No. 

tee 

Not customary to raise field bunds. 

Nasik . 

4,035 

Practice not general. 

Ahmadnagar . . 

735 

Government aid only sought in ghfit 

Poona . 

18,710 

taluka of Akola. 

Shoiapur . 

35,110 

Probably not solely for field embank- 

Satara . . . 

3,375 

ment. 

For six talukas only. 

Belganm . 

35,390 

Bijapnr 

4,605 


Dhaxwar . . 

10,800 

Information available for 3 talnkas 


only. 


As regards salt land reclamations, the concessions given in mle 
31 of the rules framed under section 314 of the Bombay Land 
Revenoe Code are considered sufficiently encouraging. 
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III.^BENOAL, 

From T. W. Richardson, Esq., I.C.S., Under Secretary to the Govern- 
ment of Bengal, to the Secretary to the Government of India, 
Re/venue and Agricultural Department, — Ro. logj T, R., dated 
Darjeeling, the i8th September iSgg, 

Forwards a copy of a note prepared by Mr. Bhupai Chandra 
BaaUj an Assistant in the Department of Land Records and Agricul- 
ture, showing the use made of dams and embankments in Bengal for 
purposes other than that of irrigation. 

Memcerandum by Mr, Bfmpal Chandra Bamt. 

The Government of India have enquired whether any action has 
been taken in recent years in Bengal (presumably by Government) 
to promote the construction of dams or bunds for purposes other 
than that of irrigation, vi $, — 

(a) to prevent erosion by drainage ; and 
(J) to fertilize land by deposit of silt ; 

and also how far it is a practice among the cultivators to con- 
struct dams or bunds with the above objects. 

A.-^To prevent Erosion by Drainage, 

This appears to be the kind of work referred to by Dr. Voeloker 
in his Report on the Improvement of Indian Agriculture (page 53). 
It consists in tfu^wing up embankments (dams) across hill-streams 
or ravines, with a view to impede the rush of rain-water and to en- 
courage the formation of soil in the beds of the reservoirs which form 
behind the dams. It is believed that the main object of such works 
is the collection of a store of water for the cultivation of rice in fields 
which are prepared at lower elevations. Waste lands, subject on 
account of their slope to erosion by surface drainage, can be con- 
verted by terracing and with the help of reservoirs of water formed by 
dams, into valuable rice-fields. Throughout Chota Nagpur and 
the western parts of the Burdwan Division, it is a common practice 
to construct embankments across the face of natural depressions 
between contiguous ridges of uplands or apross streams, with a view 
to hold up the water for irrigation. The sloping lands lying below 
the embankments are then levelled and enclosed with low ridges, 
and in Utis way bare wastes, which in their natural state support 
little or no vegetation, bel^ covered with a thin coating of soil 
which cannot accumulate owing to constant wear by drainage, have 
bean turned hito fruitful nce-fields. In a report on the agriculture 
of the district, by Mr. Bhupai Ohandra Basu, special 

streas tms been laid on the importance of constror^ embankments 
jmd the preparation of rice-landa by tenadng {vide pages 47, is6 
imd lay). TI«k it an indefinite scope for w«k of this kind and 
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Mr. Basil is of opinion that there is no other work in which moderate bemal. 
amounts of capital can be so profitably invested as in these. 

There is another class of embankments also called bunds,^ which 
• These are very differ- are made to prevent erosion by drainage, 
ent from dams. These are low ridges made along the bound- 

siries of fields with a view to prevent the fine top soil (as well as 
manure) from being washed off heavy rain, and also to have the soil 
well soaked with rain-water. They are chiefly found in South Bihar. 

An interesting account of them will be found in Mr. Grierson’s 
Notet on the Gaya dtstricl (page 53). The practice of enclosing 
fields with ridges is confined to stiff clay soils found on the uplands, 
which being of an extremely close texture are too slow to absorb 
rain-water, which, if the field were not enclosed, would quickly 
flow off, leaving them quite high and dry. The raiyats of South 
Bihar attach much importance to the retention of water in fields 
towards the close of the rainy season for the purposes of rabi 
cultivation. It is believed that similar practices are followed in 
Bundelkhund and parts of the Centra! Provinces (ytde page 79 of 
Dr. Voeloker’s Report). The extension of the practice is being 
stron^y advocated in the Central Provinces, as raht land enclosed 
with ridges and well soaked with water are found to suffer compara- 
tively little from drought. 

Much importance is also attached everywhere in Bengal to the 
enclosing of fields (specially of fields which have been heavily 
manured) in order to prevent the fine top-soil and manure from 
being washed away; but in this as well as in many other respects, 
the practice of the cultivators falls far short of their precepts. 

B. — To feriilite Land by deposit of Silt, 

In Mr. Basu’s Notts on Indian Agricullurt (pages 43-44)f several DeMtluof 
instances are recorded of cultivators enriching their fields by deposit sod« cuaJs. 
of silt. The process is known in England as working, and is largely 
followed in the Fens of Cambridgeshire. In the south of France 
large areas of barren, stony land are being reclaimed by inundating 
them with the thick turbid water from irrigation canals. The 
practice is described in a report written by Mr. BttSU in 1885, and 
published by order of the Secretary of State. Very probably Oolonet 
Soott-MonoriefT refers to this very practice (known as eolmatage) in 
his book, to which the Government of India have drawn attention. 

An exact analogy of the process was found by Mr. Basu in pargana 
Tamar in the I^hardaga district. 

The Sone canals were constructed solely for the purposes of 
irrigation and navigation, but they have also served another useful | 
purpose, namely, the enriching of sandy soils with silt. In the south ' 
of toe Shahabao and Gaya districts, where the soils are of a poor, 
sandy description, the canals have done much good by the deposi- 
tion of sOt. 

An indirect result of the system of akara irrigation obtaining i| ' 

South Bihar and Palaman is the fertilixing of the lands situated in/ 
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the basin of the reservoirs known (as doole lands) with silt. These 
lands are highly valued for the cultivation of wheat and other rahi 
crops. 


Office memo, from Q. W. Odlino, Esq.^ Secretary io the Government of 
Bengal^ Irrigation Department^ to the Government of Bengal^ Revenue 
Department, ^No. 141, dated the igth September 1893. 

In reply to Revenue Department Office Memorandum No, 1098-T.R. 
of the 1 8th instant, the undersigned has the honour to say that no works 
undertaken with the objects mentioned under the head A. 
With regard to B, what is known as warping is practised on the banks of 
the Hooghly river below Calcutta. Sha(lo\^ tanlcs are formed below high 
water level and water is admitted at high tide and allowed to escape at low 
Ude after the greater part of the silt held in suspension has been deposited. 
But the object is usually rather to procure earth for brick manufacture 
than for agricultural purposes. No other instances of endeavouring by 
artificial means to procure a deposit of silt for agricultural or other pur- 
poses are known to this Department. This year it has been noticed that 
the irrigation of rice crops is extensively carried on from the Sone canals 
during^ the heaviest rainfall, the cultivators giving as their rebson that 
there is silt in the canal water, and that, as they pay for the water, they 
might as well have it, though beneficial only so far as a deposit of silt 
IS obtained, 

ir,^NORTB-WEST PBOriNCES AND OUDH. 

Prom the Chief Secretary to Government, North- Western Provinces 
and Oudh, to the Secretary to the Government of India^ Revenue 
and Agricultural Department, — No, -ad//, dated i6th September 
1893. 

Submits copy of a letter No. dated 14th September 

RoynueDep^tment *893. ^ber with enclosures m original 

from the Director of Land Records and 
Agriculture of these Provinces, containing information as to the 
action taken to promote the construction of dams or bunds for other 
purposes than that of irrigation. 


LMtr No, daUd 14th September 1893 , frwn the 

I have the honour lo acknowledge receipt of your letter 

>893. forwarding the Govenunent of 
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India's Circular No. dated 21st June 1893, regarding the con-| j|['oroSu 

struction of dams or bunds for other purposes than that of irri- ' 
gation. The time allowed for a reply has been too short to admit of ' 
any detailed enquiry ; but I forward such information as 1 have been 
able to collect as to the action taken by Government or its officials 
to promote such works, and the prevalence amongst agriculturists of 
the practice of constructing them. 

2. The improvements carried out by Captain Chapman at Beti 
in the Partabgarh District are believed to have been undertaken 
with the aid of an advance from the Government. There is no in- 
formation of recent date in my office about them ; but as the Agri- 
cultural Chemist to the Government of India has visited Beti, he will 
be able to lay before the Agricultural Conference any information 
regarding them that may be wanted. 

3. Some years ago extensive works for the prevention of erosion 
of the land near Jhansi were undertaken at the instance of Mr. Ward, 
the Commissioner. The Government gave the services of its 
Engineers for their construction, and made a grant of R8,ooo in 1887, 
whici^was supplemented by a grant of R 2, ocwo in the following year 
from the Government of India. Further grants of R4,363 in the 
close of that year and of R 1,000 in 1889 were made, and a con- 
siderable number of embankments were constructed, the management 
of which was, in 1890, made over to the Irrigation Department. 

The Collector of Jhansi has not yet answered the reference made to 
him about the construction of embankments in his district, and 
recent reports of this Department contain no information about the 
Jhansi experiments ; but there is probably not much to be added to 
the account given at page 53 of Dr. Voeloker’s report. If any 
information of importance is added by the Collector, it will be 
forwarded when received. 

4. An interesting and successful experiment in the reclamation 
of ravine land, partly by means of embankment, is to be found in 
parts of Grass Farm and Maepherson Park at Allahabad, but there 
is no detailed information on the subject in my office, nor has the 
Collector noticed these experiments in his report, extracts from which 
are appended to this letter. 

5. The embankments made on the usar reserves at Cherat and 
Amramou do not appear to fall clearly under either of the heads into 
which the Government of India have divided embankments for 
purposes other than irrigation. They may, however, be mentioned, 
as the deposits of silt by canal water, though this was not the object 
aimed at, has probably assisted the reclamation of some of the ns<tt ' 
lands. At Cherat plots were marked out and embanked by walls from 

3 to 4 feet high, and rain water allowed to accumulate on them. They 
were then deeply ploughed and heavily manured, with the result that 
an area of 76 acres was sufficient reclaimed to allow of the growing 
(rf fair khaiif and rabi crops. On some of the lower fields, I noticed 
at my last visit to Cherat a thick deposit of silt, presumablr left b| 
the canal water used to irrigate the crops. In several of the' 

£.1988. 
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experimental usar plots under the management of the Irrigation De- 
partment, the experiment took the form of running canal water over 
the land to leave a layer of silt. The Sakram plot of 40 acres, for 
example, near Etawah, was treated in this way. In 1874, canal 
water was run over it for four months and a layer of silt of from three 
to four inches in depth was deposited on it. Afterwards the flooding 
was repeated, and the silt was subsequently spread over the adjoin* 
ing usar to some distance. In 1883, it was reported that 33 acres 
had been reclaimed and the plot was let for R96. The accounts 
of that time showed a profit of R825, the value of canal water sup- 
plied being omitted from the calculation of expenditure. Similar 
experiments were tried at Khandari and Turaia in the same district ; 
but though the land was covered with silt, it was impossible to get 
let out at remunerative rates to tenants. These experiments have 
now been discontinued. 

6. In some of the Bundelkhand Districts the Government has 

S omoted the construction of embankments by grants of takavi. In 
atnirpur, during the last five years, Ri 1,500 have been advanced to 
155 persons in 89 villages for this purpose, and it is reported that 
the embankments have usually been successful. The stefistics for 
the Banda District are incomplete ; but in six out of the eight 
Tahsils of that district, nearly 20,000 have been advanced for 
•No. *058, dmtediithAuauit embankments during the last two years. 

sutement, pag0 The Collector in a letter,* a copy of 
16 btiow. which is attached, states that these em- 

bankments are meant not to prevent erosion from drainage, but to 
fertilise land by deposit of soil. It is more probable, in my opinion, 
that the two purposes cannot in all cases be distinguished, and that 
many of the embankments are meant, in the first instance, to 
prevent ravines from being eaten away and then to lead to the 
deposit of a layer of good soil. In no other Bundelkhand District 


Is ft said that the embankments are not meant to prevent erosion. 

7. The construction of bunds has not unfrequently been under- 
taken in Court of Wards estates. In Bara Banki a large number have 
been made, some to prevent erosion or to reclaim lands already cut 
away by drainage ; others to fertilise land by deposit of soil. It is ^id 
that in one estate a considerable area of land once cut up by ravines 
and drains has been reclaimed ; but no definite details of the area 
afected or the profit and loss on the experiment have been given. In 
Kherf. in two estates, embankments have'recentlv been constructed ; 
bnt it is too soon as yet to pronounce as to the result. Further 
information regarding ^e action taken by Court of Wards will be 
a and 3 of Uttar found in the correspondence noted in the 
margin, of which a copy is attached. 
CoUacSor <djaia«a; ^ Canal Department frequently 

Ma. undertakes operadons for silting land near 

VlMa* its banb, or constructs embankments for 

purposes other than iiiigatioo, such as to 
^rw I prevoit floods. I am not sure that these 
OfMfstiOttS fill within Uie scope of the Government of India’s 
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CircBlar; but enclose a copy of a letter (No. #365, dated 17th 
August) from the Superintending Engineer of the Second Cir^e, 
which will explain the nature of the works referred to. Set p. iS, 

9. In regard to the practices of agriculturists, the replies of 
District Officers vary, paiiy because some of them have dealt 
with the construction of bunds for any purpose other than irriga- 
tion, while others have confined themselves to the two special 
purposes mentioned in the Government of India's Circular. 
The extract from “ Irrigation in Southern Europe " was not circu* 
lated in time for District Officers to consult it; but no measures 
similar to those mentioned by Colonel Soott-Monorieir are reported 
from any quarter. In the Himalayan and sub-Himalayan districts, 
where, if any where, such measures might be possible, embankments 
appear to be almost unknown, except for irrigation or for the pre- 
vention of damage by flood. The District Officers of Bi}nor, Morada- 
bad, Bareilly, Shahjahanpur, Pilibhit, Almora, Garhwal, Naini Tal, 
Kheri, Gonda, Bahraich, Basti and Gorakhpur report that the jwactice 
of constructing bunds with the objects mentioned in the Circular 

does not exist in their districts. The 
• No*— ^ , dated 5th Superintendent of the Dun reports that 
August p. 'A zamindars do construct 

such bunds, and an extract from his letter * 
on the subject is enclosed. 

10. From the central districts in the Provinces the replies are 
generally in the negative. The Collector of Meerut states that— 
“ Ridges or banks are sometimes thrown across natural drainage 
lines and the beds of the valleys cultivated with suwcane, etc., thus 
in a few years silting up the natural shallow valleys and causing 
floods ; and from Sultanpur it is reported that a few bonds have been 
erected to prevent erosion from drainage by large proprietors, and 
that similar action is frequently taken on a small scale by individual 
cultivators to prevent the cutting away of their fields. The Deputy 
Commissioner of Rai Bareli has explained in detail the purposes other 

than irrigation for which bunds are con- 
dated 4U1 stTucted in his district, and a copy of his 
letter t is attached, as his account is pro- 
bably applicable to many districts besides 
his own. 

11. It is in the southern districts lying on or south of the Jumna 
that embankments are most frequently constructed by agriculturists. 
Some are made simply to keep out floods, as in the cases reported by 
the Collector of Muttra ; others to prevent erosion ; others to secnre 
a deposit of silt In Hamiqmr, it is said that bunds are often made 
for tne purpose of eradicating iatu. Information as to the praCtiees 
of the southern districts in Siese matters will be found in the follow- 
iag enclosures to this letter 

Copy of a letter No. 146s, dated 3rd August 1893, from Col- 
lector m Muttra ; tee p. tg. 

Eztnct (paragraphs 3, 4 and 9) from letter No. 3679, dated tflb> 
i^ignst 1893, uc (^Ueetor ot Allahabad \ m p.ao, 1 

E. 196a. 
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Extract (paragraph 43) of Assessment Report on pargana Banda ; 
see p, 21, 


Extract (paragraph 55) from the Settlement Report on the Banda 
District ; see p. 22. 

Copy of a note on the constrnctioiMof bunds in Rewah and Bnn- 
delkhand, drawn up by the Assistant Director from information 
supplied by one of the masters of the Agricultural School ; see p. 22. 
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From ihi Collector of Banda, to the Director of Land Records and Agru 
culture^ North-Western Provinces and Oudh^ — No. 20^8, dated nth 
August 1893. 

In reply to vour No. 2761- V-46 of the I2th ultimo, giving cover to 
Government of India Circular No. 23-113 of the 2i8t June 1893, 1 have 
the honour to state, with regard to (a) that dams or bunds are not con- 
structed in this district with the object of preventing erosion by drainage. 
With regard to (^), a consideralDle number of bunds have been con- 
structed within recent years with the object of fertilizing land by deposit 
of soil. They are popular and efficacious, and Takavt is given freely for 
the purpose. The following statement gives the number of bunds con- 
structea from Takavt for the purpose within the last two years and the 
area benefited thereby : (i) in rarna and Rakar ; (2) in Mar ana Kabar. 
The statistics have oeen obtained from Tahsils, and 1 have discussed 
them with all the Tahsildars at a recent Committee. I was obliged to 
omit the statistics for two Tahsils, Baberu and Badausa, as I found them 
to contain a number of bunds round nce-fields, which of course should be 
considered as “bunds for irrigation purposes.'^ It is possible the figures 
for the remaining Tahsils contain a few of such bunds, as the Tahsil- 
dars did not apparently fully understand the distinction ; but most, if 
not quite all, are for fertilization by deposit of soil. That is the object with 
which most bunds, putting aside bunds round rice-fields, are constructed 
in this district. 1 could have given more accurate details after correct- 
ing the Tahsildaris error ; but note that you require reply not later than 
15th August, which leaves no time for further enquiry. 


Aftase 


tlemorandum of bunds or dams eonstmctsd during the past tno fearSp 
ending 1892^93^ in the Banda DistrtcU 
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Eniract paragraphs 2 and j from letter No. 1592, dated 20tk July 18^3, 
from the Collector of JolQAiny to the Director of Land Records and 
Agriculture^ North-Western Provinces and Oudh. 

3 . A few works of this sort have been undertaken in Court of Wards 
estates^ where the slope of the country was not too great. These have 
been attended^ with considerable success, whole fields of good black 
cotton soil being saved in this way as in the Dhagwan Khurd estate. 

These bunds were in fact merely ridges made across the bottom of a slop- 
ing field, and were meant to prevent nalas from forming. 

3. Attempts to dam up water in nalas and so get a deposit of good 
soil, as well as prevent erosion, have also been tried, and a certain amount 
of success obtained in the Beona estate. Undersigned, however, is not 
very confident as to their permanent utility, as the water cuts round or 
uncier the bunds, the slope being so great. Also these works cost a good 
bit of money. 

Prom the Deputy Commissioner of SitapuTf to the Director of Land 
Records and Agriculture^ North-Western Provinces and Oudhr^ 

No. 181 s-^VII-6gt dated 2gth August 1893. 

With reference to your No. 2161— V-46 of 12th ultimo, I have the 
honour to submit the information \shich the Tahsildars have furnished on 
the subject. I have called for further particulars, but do not expect 
they will be of much value. The question raised is, however, of consider- 
able importance, and 1 think >ou will not object to my going outside my 
district to furnish some instances, the existence of which, owing to the 
changes of officers and subordinate officials, have possibly been overlooked. 

In 1876 or 1877 the late Mr. Carney, who was formerly Commissioner 
of Rai Bareli, recommended my trying the effect of a small over-fall to 
prevent erosion, which was occurring on some of the nazul lands. He Bandits 
stated he had tried it on, I think, an artillery parade ground at Allahabad 
years ago, and with excellent results. It certainly was efficacious in the 
instance 1 refer to. But this was on a small scale. On going to Partab- 
garh 1 found Captain Chapman had been carrying on extensive experi- 
ments in the same line. He had, however, used masonry dams, as tnere 
w’crc a large number of Court of Wards villages at Partabgarh. I erect^ 
several of these dams, some near the Sai Naddi in the Kythola estate 
and at Bela Partabgarh, in one instance repairing a very large embank- 
ment, which had been cut through prior to the mutiny at SuHanpur, on 
the Karwar estate at Mahmoodpur and at Bhandasa; also at a deep 
nala 3 miles from Sultanpur, and at other places in this district. Several 
Uu^e dams of puddled clay only were made with the view of staying ero- 
sion or denudation, and I was Informed the results were gooo beyond 
expectations. 

At Bara Bank! a few such dams were tried, bat not on the same 
eitensive scale. It would be interesting to know whether these works are 
stilt in existence, as tl^ were hacha. They would, unless properl y 
supervised, in all probability, disappear in the course of a few yean. I um, 
however, convinced of this great utility, and with the construction d 
proper masonry escapes they should last for years. But funds were 
not always available for these latter. That on the nala ^ near Saltanpar 
was pnmded with an escape t it was over 100 fed long and 37 feet or moca 

* Jamassarif. * 
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high, and the District Engineer informed me some time ago that it had 
stood the test of several heavy rains. 
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From the Superintending Engineer^ 2nd Circle, Agra, to the Director of 
Land Records and Agriculture, North-Western Provinces and Oudh , — 
No, 336s, daisd 17th August 1893, 

In reply to your No. 2nd August 1893, I beg to say that 

the bunds you refer to were constructed as training works for the purpose 
of leading the river Ganges in a normal direction to the Narara weir 
and to keep it from eroding the canal channel. Agricultural improve- 
ment was not much considered, although incidentally such improvement 
has been effected by confining the deeper river channel within certain 
limits and by the prevention of erosion by floods over culturable land. 

The site of training works extends from the railway bridge at Raj- 
ghat (Oudh and Rohilkhand Railway) for a distance of 23 miles down 
the Ganges to, and gome distance beyond, Sankara in the Aligarh 
District. 

From Rajghat to Narara the training works are on both banks of the 
Ganges from Narara down stream on the right, or canal side, only. 
The groynes are parallel embankments running out over kljadir land 
from the high ground, are about normal to course of the river, and about 
half a mile apart. The groyne extends out into the khadir to the limit 
at which it is desirable that the river channel shall be retained, and ends 
in a nose which is securely pitched with heavy block kankar. Across 
spur projects up stream at right angles to the main spur at a distance of 
I a^ut 100 feet short of the end of main spur, and this, like the main nose 
of groyne, is securely pitched. 

These works were star.ted about 1886 and are still incomplete; but so 
far they have been successful as regards the ends in view. 

From the point of view of the agriculturist, I should doubt if training 
works like these would pay, except perhaps close to large cities where land 
was very valuable. It is nofalone the first cost, but the maintenance that 
runs high ; and it may take many years before the land between the 
: grc^ncs is silted up suniciently to allow of cultivation or even grazing. 


p. iS, 


lands i s 
HPCfVcnt 


Katract from a Utter from the Superintendent, Dehra Dun^ to ike 
Director^ Land Records and Agriculture, North-Western Provinces 

and Ouik, — /Va. yjj^, dated 3 th Augusi /5pj. 

• A (a). The practice of constructing dams or bunds for the purposes 
of preventing erosion bv drainage has bMn m vogue for some* years past 
among some of the leading zamindars, such as Mr. Maskiniion and 
Ohaudnuri Shib Ram. These bunds are built of wooden frames'enclosing 
boulders and are known as khaUhe, They last about two years, and 
have been found effective for the purpose for which they were tmigned. 

(i). These bunds have never bm erected in this district tor the 
wrpose of feriUiaing land by depo^ of soil. Dr. L s■ l >ts^ Agricultural 
Chemial to the Government of India, is at present engaged in experi- 
ments wAh bunds of this nature ; but it will be impomible lo pronounce 
on the sucocm or faihire of his aUcmpti before the edd weather. 

t B. No such bonds appear to tave been construcusd by the agricol* 
ioral daises generallv. Only a few of the more enlighteiied zammdars 
have ever talm up the subjm. 

B. 198 a. 
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From the Deputy Commissioner cf Rae Bareli^ 4 o the Direeior of Land Re- 
cords and Agriculture, North-Western Provinces and Oudhf—No, 
datid 4th August i8gj. 

In reply to your No. dated nth July 1893, 1 have the honour 

to state that fhe construct'on of bunds for other purposes than that of 
irrigation is common in the district. 

1. Perhaps the most usual form which bunds not intended to procure 
a supply of water take is that of the ^hdia frequently made in the 
shallower parts of tdls to prevent transplanted rice from being flooded. 
These Jhdias are usually made by damming the flow of water through 
a tdl into a central space, so that in floods the shallower outer parts of 
the tdl in which rice is grown are not affected. They are rarely more 
than 6 or 7 feet in height. An enclosure raised on all four sides is not 
infrequent if the land round the tAL is not high enough to be beyond 
danger of being flooded. Dams are similarly but less frequently made 
for the protection of spring crops. These are sometimes on a very 
extensive scale where the flow of water from a large usar plain is likely 
to lodge on and damaged cropped land. 

a. Dams to prevent erosion are also common. Their use is well 
understood ; but their number on a large scale is limited by the fact that 
erosion in general occurs only in sandy soils, dams constructed in which 
are very temporary. 

Dams constructed solely to fertilize land by deposit of soil are also 
met with. Irrigation dams have the same effect, and old dams are 
therefore often the occasion of constant quarrels between people who 
wish to occupy the new land deposited, and therefore to dimmish the 
supply of water retained by the dam and those whose rights of irrigation 
are thereby interfered with. 

4* Dams for use as roadways are very frequent. They are cut 
through in the rams, and the gaps repaired on the now of water ceasing. 
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From the Collector of MuUrch to the Director of Land Records and 
Agriculture, North-Western Provinces and Oudh,—No. 1462, dated 
3rd August iSgj, 

In answer to your No. dated nth July 1893 , 1 have the honour 

to say that no recent action has been taken to promote the construction I 
of protective dams or silt traps in this district. 

fl. There was formerly , dam at Musmina, Tahsil Mat, and there is 
still a dam at Kaeta, Tahsit Muttra, to keep the flood water of the Jumna 
out of cultivated depressions which were once beds of the river. If the 
river enters these depressions, its water remains in them until the period 
of the ^rinr sowings is past. 

3. The Musmina ernbankment disappeared many years aga The 
Kaela embankment has in recent years been breached ana mended thrice 
by the landholders at a reported cost of R500 the first, R200 the second 
and the third time. Advances under the Land Improvement Act 
would Mve been granted if required, but were not asaed for. TTie dam 
has again been breached this year, and will doubtless be repaired doring 
the wmter. The area of spring crops whose sowing h has renderra 
pasftble has during the past tnree years averaged over 51 acres yearly. « 

E. 196 s. 
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Extract^ paragraphs j, 4 and g, from a leitsr No. dated 15th August 
i8g3i from Collector of AUahabad$ to the Director of Land Records 
and Agriculture^ North-Western Provinces and Oudh. 


3. The Tahsildar of Bara reports that numerous bunds have been 
constructed by the zamindars and the cultivators during the last six years 
with the object of preventing erosion by drainage and of fertilizing the 
land by the deposit of soil. Earth has also been added to many of the 
old bunds. These works have been successful in each case. The culti- 
vators also construct dams around their rice-fields to prevent the water 
from running oft and to improve the production of rice, and in places 
which are inundated, they construct bunds with the aid of the zamindars 
to check the outflow of the water. 

4. The Tahsildar of Meja reports that in order to prevent erosion by 
drainage, the zamindars and the cultivators in several villages in his 
Tahsil construct bunds to confine the w^ater within an enclosed space, and 
BO procure the yield of better produce. Their efforts are often successful. 
The process adopted in this Tahsil for fertilizing the land is that the 
zamindars make enclosures round such plots of land as have a large 
admixture of manure, and do not yield a fair produce and collect water 
within the enclosed area. This water rots the manure in process of time 
and renders the soil capable of giving a crop. This practice is more 
frequently resorted to in the southern parts of this Tahsil, where much of 
the soil is of the mar class. 

9. The Court of Wards Manager reports that nearly 20 bunds have 
been constructed dn the estate of the Raja Bara, which is under 
the management of the Court of Wards, with the object of preventing 
erosion by drainage. All of these works have proved successful. The 
process adopted by the cultivators of the said estate fur fertilizing land by 
deposit of soil is that they first make a bund at the end of a sloping field 
on the side of the declivity with a view to check the flow of water, and 
then cut so.ue earth from the higher side and throw it on the lower. They 
thus reduce the surface t)f the whole field from a slope to a level. The 
advantage of this is that the upper part of the field which would have, 

\ but for this process, soon become dry and unfit for cultivation, remains 
1 ks fertile and yields as good produce as the other parts of the field. This 
' experiment has been tried with success in nearly 30 fields. The agricul- 
I tural classes construct dams or bunds with three objects — 

(l) To rot the manure and to distribute it throughout the whole field 
to keep the field moist for some time and to let the soil get a 
sort of manure by the absorption of the saltish property of the 
water. To achieve these objects the cultivators surround ihcir 
fields by fences .and leave them for the water to collect therein 
during the rainy season. Whep the rains are over they make 
an opening on one side and let the water flow off. After this 
they let the soil dry up a little, and then plough it up and sow 
the seed- This process has been fullowed with success to a 
considerable extent on the esUtc of the Raja of Bara. 

(a) To TOt the kans grass, which grows spontaneously in the fields. 
In the Court Wards estate of Raghuraj Singh, in pargana 
Alharban, two plots of land suffering from the inroads of the 
kans have recently been surrounded by embankments and left 
for the rain water to collect therein and to rot the kans. The 
mult of this experiment wt« not be known till the rainy eeason 
Is o\*cr. 
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(3) To make usar (barren land) culturable. Bunds have recently, in 
accordance with orders received with Commissioner’s No. S382, 
dated i6th October 1892, been constructed round two plots : 
of land in the Khareapur and Halagarh Government estates | 
and the soil been ploughed up and left for the rain water to { 
collect therein, w'ith a view to endeavouring to make the soil 
culturable. The result will not be known till after the close of 
the rainy season. 
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Extract paragraph ^ j of the Assessment Report of pargana BandfU 

43. Of all improvements ^^ithin the reach of the mass of the inhabi- 
tants of the district, the most practicable and the most useful is the 
construction of embankments. These may be raised in any land and 
under all circumstances ; but here again the level m4r plain is a less 
suitable locality for the expenditure of capital than any other. An 
embankment on a nearly level m 4 r plain prevents the water that falls 
upon the field from escaping, and is tnus beneficial under certain circum- 
stances, more especially in dry years. But if the rainfall is plentiful such 
embanlmients are not required, and the water has to be got rid of, and 
this is only possible by inundating adjoining fields. 

But where the land is light and poor the additional supply of water is 
nearly always welcome, and when the slope is considerable the embank- 
ment prevents the soil being washed away and accumulates fertilizing 
particles from above. In the southern parganas of this district the 
improvement effected by embankments is marvellous ; barren ravines and 
stony water-courses have been changed into fertile fields, and what 
appears from a distance to be a wilderness of broken country is found on 
clo^r inspection to be interspersed with green fields on a lower level, 
which have been effectually reclaimed. Banda is in this respect not 
capable of comparison with Badausa, and it is likely enough that the 
spontaneous fertility of the soil has had the not unusual effect of deaden- 
ing the energy of the inhabitants, which harder circumstances have else- 
where so effectually stimulated. But if in Banda the ravine country has 
not been 90 systematically improved as elsewhere, this pargana takes the 
jead in the size of its embankments and the extent of land which they 
improve, and also in the more skilful method in which the surplus water 
is drawn off. In villages such as Ruvai Sunecha and Basahri, the em- 
bank^ fields sometimes extend to from 20 to 30 acres ; the embankments 
are high and massive, and when land is wanted for the plough the water 
is drawn off through masonry sluices, not solely through cuts in the bank. 
But although, since the new assessments have been given out, great 
progress has been made, enormous improvement is still practicable, and 
It may be hoped that, under the more favourable conditions which now 

| >revail, a kir.d of improvement which is as yet general only in the vil- 
ages to the south witnin a few miles on either side of the Ken, will he 
practi^ wherev^ light and uneven soils afford opportunities of effecting 
what is unquestionably (he most useful as well as the most practicable 
imcmvement wh ch is within the reach of the average proprietor or 
cuUivator. 

The effect of embankments upon the natural soil is to improve tU 
Rikar becomes pama, or it may be, according to the neighbour-* 
nood, mir or kabar, and the poorest pama is cnrichwland strengthened. 
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Extract paragraph' $$ of the Settlement Report of Banda District 

A most creditable feature of the agriculture of the district is the 
number of field embankments varying from the slightly raised field border, 
which the cultivator can construct in a few days, to the extensive dam 
flooding 20 or 30 acres, and forming a considerable lake until the water is 
drawn ofi to render possible the ploughing for the rabi. Embankments 
such as those described were atone time more or less common all over the 
district ; but to the north of the town of Banda, in the portion of the 
district corresponding generally with the black soil tract, they had been of 
late years generally neglected. In several villages, indeed, of Pailani and 
AuMsi large embankments had been breached, and the once level fields 
han become cut up by water-courses. But in Pailani, beyond the Ken, 
em1)ankments were fairly numerous, and in most black soil villages there 
were some fields with the raised borders which are all that are requisite 
in level neighbourhoods. And in black soil tracts embanked fields are so 
little necessary that there is but little inducement to construct them, except 
as a remedy for kans. In good level mdr embanked fields are no advan- 
tage in seasons of plentiful rainfall, and even in seasons of defective 
rainfall the land can ordinarily do without them. And where the lighter 
soil is limited in extent it is used mainly for kharif crops, and embank, 
mcnts are not greatly required. To the south and west qif Banda, 
however, the surface is broken, and in the neighbourhood of Mataundh 
embanked fields were numerous, and nowhere throughout the district 
were they more permanent and substantial. The best of them with 
masonry sluices benefited large areas of 10, 20, and 30 acres. On the 
other side of the Ken, in Banda, and in the north of Sihonda, embank- 
ments were less numerous, and in this neighbourhood there is great scope 
for improvement ; but to the south of the old pargana of Sihonda, in 
Kahiyar, now' incorporated with ‘Sihonda, and throughout the uneven 
portions of Badausa, embankments had been constructed with a persis- 
tent industry, which was in the highest degree creditable to the inhabi- 
tants. Until one sees the never-ending succession of embankments, 
w’hich have created fairly fertile fields in the midst of broken ravine 
country, it is difficult to realize that such barren looking tracts are capable 
>of the improvement which has been effected. What a few years ^o 
were sandy ravines or stony water-courses become after a time fairly 
fertile fields. Even in hopelessly stony looking country below the hills 
hamlets have been planted since last scttlcnrient, and generally owing to 
the good management, energy, and enterprize of a lessee, extensive 
areas have been won from the jungle. 

Sate by the Assistant Director on the making of Bunds in Rewah and parts 

of BundeUkhamdt 

Nature of ike couniry ^ — There are numerous hills and forests all over 
the country with streams flowing from them in various directions. 

Sites iff ike bunds areas of moderately level lands, say from 

t to ao acres in extent, around the streams are enclosed by earthen 
embankments at the foot of the hills or in proximity of the forest, small 
encloaum being called BandhU or Bandhi and larger ones Bandhwi or 
Bindh. 

The bund . — ^The height of the embankment varies from 1 to nearly 
8 feet» according to quantity of water to be received into the enclosed 
area. The top width of the embankment varies from i to 4 feet and the 
sUe-stt^from nearly i^to 1 10310 t according as the soil is clayey or 
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sandy, and also according as the flow of water is slow or rapid. The 
embankments have an opening towards the hill or forest side through 
which the stream enters the enclosed area. In certain cases a single 
enclosure suffices to hold all the water brought by the stream, but in 
others a chain of enclosures has to be constructed on different levels in 
ter aces along the course of the stream, the latter filling up each enclosure 
one by one till it is exhausted. The second method is adopted when the 
stream passes through tracts of land, all of which either does not belong 
to a single individual, or has abrupt rises and falls at short distances, the 
nature of the locality thus not allowing of construction of single enclosure 
large enoi^h to contain all the water the stream would bring. 

Silts — The water of the stream carries with it in solution and suspen- 
sion large (quantities of highly oxidized detrital matter from the hills, 
dungs of animals and birds, matter derived from the dead bodies of 
insects and other animals, and decomposed leaves shed on the uplands 
and the valleys during the preceding winter and summer. The silt 
brought by the stream is thus extremely rich in manurial matters, and the 
land on which it is deposited is fertiliced to a considerable extent. 

After the rains are over a second ooening is made in the embankment 
on another side, and the water left in tW enclosure allowed to run out. 

Cropz, — Two or three ploughings are then given to the land, and a 
rabi cr«p, mostly wheat, is sown in lines by means of a bamboo seed 
drill If the water standing on the land is shallow, an extra crop of paddy 
IS also raised during the monsoon period. 

Objects.— T\\^ chief objects of the practice are— 

(1) to enrich the land by deposit of silt ; 

(2) to destroy weeds by allowing water to stand on the land for a 

period of nearly four months, during whigh the roots and 
seeds of weeds die out. 

The destruction of eggs and grubs, most of insects injurious to agri- 
cultural plants, also necessarily results from the practice. 

Rents on the improved land , — The rent of such improved lands is 
sometimes ten times as much as that of ordinary lands. 




RavJpe 

DeposiU* 


From the Chief Secretary to Government^ North- Western Provinces and 
Oudhj to the Secretary to the Government of Indian Revenue and 
Agricultural Department^— No, ^^24, dated 2ist September 18 gg. 

In continuation of my letter No. 2671, dated the i6th September 
1893, 1 am directed to submit, for the information of the Government 
of India, a copy of the Director of Land Records and AgricuJture'B 
letter No. dated 20th September 1893, with enclosures, in 

original, containing further information as to the action taken to pro- 
mote the construction of dams and bunds for purposes other than 
irrigation. 

MjeUer Tu3:i4--V.^46f dcUed 20th September 18B8f from 
the Director of Land Records and AffricuUurep Jforthm 
W est er n Provinces and Ondh: 

In continuation of my letter No. dated I4tb September, 
regarding the construction of bundb for purposes other thaf^* 
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irrigation, I have the honour to forward, for transmission to the 
Government of India, copies of the following papers : — 

(1) A note by Babu Laohman Persad on his reclamation 

operations near Cawnpur. This has been drawn up as 

the experiment in question has been specially noticed in 
Dp. Voelckep’s report. 

(2) Extract, paragraphs 2 and 3, of letter No. 2561, dated 9tli 

September 1893, from the Collector of Jhansi. 

(3) Extracts from the reports of the Superintending Engineer 

on the Jhansi embankments. 

(4) Extract from paragraph 29 of Mp, Cadell*8 rent-rale report 

on pargana Badausa. 

Note on the Improvement of ravine land in Ootaya and lAkhanpur. 

The land included in my farm chiefly consists of the ravine land 
of two villages, Gotaya and Likhanpur. The land of the former 
village measures 25 acres. Up to 1883, it formed part of the Govern- 
ment farm and the Government used to pay R50 for it. It was used 
merely for raising fodder for the farm cattle and no experipent was 
conducted on it. Its surface was very sloping and cut up by ravines 
with hardly any boundaries to stop the rush of rain-water and prevent 
the washing away of the fine particles of sand ; and it was only in years 
of pretty heavy rains that it yielded any crop worth the name : so in 
1803, partly on account of its outlying condition, and partly owing to 
the poverty of its soil, it was given over by Government, and the 
zemindar leased it to a number of cultivators, who owned occupancy 
land in another part of his village, for a lump rent of K 3a. They, how- 
ever, took it very reluctantly, and under pressure from the zemindar. 
Canal water was available at a short distance from this piece, and a 
considerable Mrtion could be watered flush if it was only led to it by 
a channel. The land in the other village had a large expanse of waste 
land, extending over more than i a 5 acres, without a single hut or house, 
with two small pieces owned by muafidart, one by an occupancy 
tenant who lived in a remote part of the same village and held about 
5 acres, while about 10 acres were held by 3 pahi cultivators from 
Nawabganj, a village in the neighbourhood. All these tenants paid 
lump rents which fell at the rate of R3 an acre. Excepting a small 
portion which had black marwa soil, the entire area of this piece bad 
a light loam and differed in no respect from the other fuece already 
described. 

a. Both pieces admitted of an easy management ; all that they 
needed was to stop the further erosion of the fine pvticles of their 
soil by dividing them into fields of suitable size, levelling the surface 
of aach field thus formed, construction of channels to lead the canal 
water to the different parts of the two pieces, application of a little 
manure, and the settlement of a small hamlet, to have a number of 
cultivaion on the spot ready to cultivate the land. 

In 188$ 1 acct^ingly obtained a lease for as acres in Likhan- 
, par, which was then, as a Ward's estate, under bis management, at 
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R2 per acre. In the same year I took 25 acres of Gotaya land for 
R50, laid the foundation of a hamlet on a high mound in the 
Likhanpur land, laid out roads, constructed distributaries for leading 
ranal water, divided the land into fields varying from to l acre in 
size, and commenced to level their surface. A map showing the 
configuration of the land and the laying out of the different fields, 
roads, etc., accompanies. 

3. The work which these operations offered and the tolerably 
good crops which the canal water helped them to raise on levelled 
land, soon induced the labourers to bring their families and settle in 
the new hamlet. The rapidity with which the hamlet developed, and 
the demand which it created for land, led me to apply for more land, 
till it now comprises 156 acres leased from zamindars at R49oand let 
out to cultivators at an annual rent of R783. 

4. I kept no systematic account of the various expenses that I 
incurred in the construction of roads, channels, houses, and in the 
levelling of fields; but roughly the cost of levelling conducted on an 
area of about 50 acres amounted to about R3,ooo. A bund was 
also inrown across one of the ravines to turn it into a sort of lake for 
the cultivation of dnghara and for using its water for the irrigation 
of spring crops; but it was not thick enough to stand the fury of rain- 
water and was washed away in one night in 1891, before the earth 
had time to settle down. The terracing has, however, been so far 
successful that the same land for which cultivators at one time 
grudged to pay R2 an acre now easily lets for R8, and the difference 
of R293 between the rent at which it is leased to cultivators 
and the rent paid to zamindars practically represents the enhanced 
value of the 50 acres of levelled ground, which amounts to an interest 
of about 10 per cent, on the sum spent in levelling. A great deal of 
this success no doubt depended on the existence of canal water, 
withput which an amount no less than the cost of levelling would have 
been needed to be sunk in wells before the land could be made to 
yield its present rent. I have no hesitation in recommending the 
improvement and to a certain extent reclamation of ravine land by 
terracing, costing R60 to Soper acre, wherever canal water is avail- 
able. Mr. Holderness, when leaving the Department in 1892, 
observed as follows on the success of terracing the ravine land : You 
have clearly shown that by embankment and a very moderate outlay 
on manure, it is easily possible to improve broken and apparently 
sterile land and convert it into fertile fields. Until I saw your work 
lhad not realized bow valuable the simple expedient of embankment 
is." 
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EMtraci paragraphs a and 3 of a letter No. 2361 ^daUd 14th Saptemhor tSgs, Camf, u4ik 
from W,CfurMon Jackson, Esq., CS., Collector of JhanHf to the 
Director of Land Records and Agriculture, North-Western Frooisuee 
and Oudh, 


a. A Urge number of fmall embankments* locally known as handkia$, 
have been coDftroctad by the zemindan in varioui parts of thtf distridt# 
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and iakavi has been freely given to assist in the work. These bandhias 
are inexpensive works, not more than two or three feet high. They are 
usually constructed for the purpose of retaining water and drowning out 
the kans in a small area, and they appear to afford tfie best means within 
the ability of the petty landholder of coping with this evil. They are also 
used in some instances to prevent surface erosion, and to promote the 
deposit of better soil. In each case their use is limited to localities where 
there is a perceptible and continuous slope of the surface of the country, the 
bandhia being limited to the lower edge, and as much of two sides as may 
be necessary of the plot to be protected. 

3. Certain works on a larger scale were undertaken at the cost of 
Government in the vicinity of the village of Raksa, in the recently ceded 
territoiw, which may be described as slightly magnified bandhias, intended 
to hold up the surface water in a tract of ravine country, to prevent further 
erosion, and to promote the silting up and subsequent reclamation of the 
land behind the bunds. These works were reported on by Major Corbett, 
then Superintending Engineer for Irrigation, in 1890. It was then decided 
that the degree of success obtained could not be estimated until the experi- 
ment had been watched for a number of years, and the bunds were made 
over to the Irrigation Department for that purpose. The immediate 
prospects were not considered sufficiently promising to warrant an extension 
of the area under treatment. 


Extracts from. Report of Colonel Corbett, R.B., Superintending Engineer, 
Irrigation Department, on the JhanH Bunds. 

Report of rSth September i88g. 

“ The bunds were made 6' wide at top, up-stream slope 3 to l, down- 
stream a to I. They are generally 3J' above site of waste weir, and are 
pitched ateut the waterline to protect from Map.’ This pitching will have 
to bo continued as water-lev?! becomes lower, but it costs very little. 

Bunds In “ The waste weirs of the chief reservoirs have a length of site of some- 

flavlBos. thing like 80' per square mile of catchment area, They are perfectly safe 
and coot next to nothing. There is no doubt that in ravines of this 
description the system of bunds can be made safe at a moderate figure.’* 

The report then points out that too many bunds had been made, and 
t'nat in place of R8,5oo aaually expended up to that time, R6,5oo would 
have been sufficient. 

“ The results can be far better judged a few months later in the season, 
but it seems certain from the experience of last season that there will be 
tome water left (available for watering cattle) up to the beginning of the 
next rains. Also that the bed of the ravines, as far as affected by per' 
eoUtion, will grow grass or crops, and, where. the depth of soil is sufficient, 
trees. The width ol the strips affected by percolation is apparently not 
great. 

The bunds at the heads of ravines will certaii^ cause a deposit of 
silt, and thw reservoin will m time be filled up. The same will happen 
to the lower ones in time. In my opinion the best chance <rf a airect 
return will he froea the cultivation of the upper reservoir sites during rabi 
and from grtJdnf 


Re^rt g^apfA December iSgo. 

••It appoftn to me, after walking near^ all over the raidnes, that the 
•tea aduBb the tanks that can be beneficially aflocted by the ksosdk h 
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very small. As before stated in my report of September 1889 , 1 think 
some return for the expenditure incurred may be expKted from the areas 
now covered with water ; they will silt up m time and bear strong rah 
crops. Some of the tanks show considerable deposit already. 

“I can see no likelihood of an adequate return for the money spent in 
the construction of these bunds, but they should, I think, eventually yield 
something more than their up-keep, which can, I believe, be reduced to 
E 100 per annum now, and in a year or two more to R50. No rnore 
works of this description should be undertaken at present, but sufficient 
attention should be given to the existing works to ensure the safety of the 
bunds. 

“ The experiment cannot be considered concluded till many more years 
have elapsed, but the annual cost of maintenance can, I believe, be kept 
very low.” 


Extract from paragraph 2g of Mr. CadelVs Rtnt-ratt Rtport on Pargana 
Badausa, District Sanda. 

“ Until one sees the never-ending succession of embankments which 
have created fairly fertile fields in the midst of broken ravine country, it * 

is difficult to realize of how much improvement such barren-looking tracts 
are capable. What are one year sandy ravines or stony water-courses 
become after a time, owing to the construction of embankments, fairly 
fertile fields, and it is highly creditable to the people of this, which is 
naturally the poorest pargana of the five with which we have had to do, 
that such great improvement should have been effected. What 1 have 
heard longed for, as a possible achievement in the broken country which 
fringes the fertile upland of the upper Doab, is here realized in a compara- 
tively unnoticed pargana of backward Bundelkhand.” 


r.—PAIiJAB. 

From J. M. Douie, Esq, Ogg. Revenue Secretary to the Government PANJAB. 
cf the Panjah, to the Secretary to the Government of Indiaf— 

No. ioj8 S., dated Simla, the 14th October iSgj. 

Forwards for the information of the Government of India, a copy 
of a letter No. 443 C., dated 13th September 1893, from the Finan- 
cial Commissioner, and enclosarcfl, from the Director of Land Records 
and Agriculture. 


Letter No. 1^86, dated the 81tt Avguet 1893, from B. B. 
FraneU, Beg., Director of Land Becorde and Agrtmittur^ 
Pat^fc^. 

In reply to the Government of India CircuIarNo. aj— 113,0! aiat 
June last, received with Panjab Government's endorsement Na 86 
of 10th July last, on the subject of the constmction of embonkmodli 
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dated 3rd 


and dams for purposes other than that of inigation, I have the 
honour to state that such works are constructed by the peasantry 
themselves on a large scale in the Daman country between the 
Suleiman Range and the west bank of the Indus, and on a smaller 
Deputy Commissioner, Rawal- scale in the lower parts of the Salt 
‘ . Range in the Rawalpindi and Jhelum 

districts. I have obtained brief reports 
from the Deputy Commissioners of 
those districts, which are herewith for- 
warded in original. Important recla- 
mation works are also in progress on the 
banks of the Indus, on which subject 
the Deputy Commissioner of Dera Ghazi 
Khan has sent a note by Mr. R. A, 
Molloy, Executive Engineer, Indus Canals. 

2. It appears that the Daman dams mostly have irrigation for 
their primary purposes, but are also useful in inducing a deposit of 
silt over the lands watered. Long earthen embankments are thrown 
across the bed of torrents at the point where they emerge fjom the 
hills, and the water (which comes down only after heavy rain) is 
thus intercepted and distributed over the lands on each side. Such 
embankments often fail through leaks started by rat holes or cracks. 
Earthen embankments and spurs are also often made to prevent 
erosion of the banks of the larger torrents. 

3. The Indus works arc of two kinds — (i) protective embank- 
ments to defend low cultivated lands from the attacks of the river. 


pindi’s No. 1490 G , 

August 1893. Below. 

Deputy Coenmisfiionerg Dera 
Ghaei Khan’s No. 1052, dated 
14th Au(^st 1893. Page 2g. 

Deputy Commissioner, 
Jhelum's No. 665, dated 17th 
August 1893. Page 31. 

Deputy Commissioner, Dera 
Ismail Khan’s No. 1190, dated 
33rd August 1893. 


and (2) reclamation works which consist of dams thrown across 
side channels of the river for the purpose of cutting off the stream 
and so causing the channels to silt up. These works have so far been 
very successful, as was noticed in the Revenue Report for 1891-92 
(see paragraph ao of the Government Review), but the Engineer in 
charge notes that as they were commenced only four years ago there 
has not yet been time enough to develop their full effect, and that 
it is too early to compile a full account of the undertaking. 

4. In the Salt Ranges the embankments are made field by field, 
and have some resemblance to the terracing work which is carried 
Out on the sides of the Himala}^ for the purpose of retaining the 
■oil upon steep slopes. The Deputy Commissioner of Jhelum reports 
that over Ras.ooo have been advanced under the Agricnltural 
Improvements Act during the last five yekrs for such embankment 
wo^s. No similar advances have been given in Rawalpindi. 


Fr*m H. B. Bacaarr, Elsq., Dtfmiy Cemmittioner, Bawalpituti, to the 
Dirtetor of L*»i Rttorit ami Agricaltitro, Panjabi— So 1479 G., iatod 

Ik* jri Arnfaxt iSfh 

With rafarenee to your Na 1270. dated 19th ultimo, forwarding for 
report Government of India’s Circular No. 23—113, dated aist June 1893, 
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I have the honour to state that no action has been taken in recent yeiors 
in this district to promote the construction of bunds for other purposes 
than that of irrigation. 

2. The practice of constructing such bunds, however, prevails to a , 
considerable extent among the agricultural classes here, though no iakavi 
has been granted for the purpose for some years past. 


PAKJAB; 


From M, L. Dambs, Esq., Deputy Commissioner^ I>era Ohazi Khatif 
io the Director of Land Reooras and Agriculture, Fanjab, — No, 1052, 
dated Dera Ghagt Khan, the 14th August l8gj. 

In reply to your endorsement dated 19th July 1893, calling for a report 
on the subject of dams or bunds for other purposes than irrigation in 
accordance with Circular No. 23—113, dated 21st June 1893, from the 
Government of India, Revenue and Agricultural Departmenti 1 have the 
honour to report as follows ; — 

I. There are two systems of dams or bunds in use in the Dera Ghazi 
Khan District, which may be roughly distinguished as Pachadh Bunds 
and Indus Bunds : 

I. — The Pachadh (or west) is the strip of country lying to the west of 
the dis^/ict immediately under the eastern slope of the Suleiman mountains. 
Further north, in Dera Ismail Khan, the corresponding tract is known as 
the Daman or * Skirt. ’ This tract is entirely dependent for irrigation 
(except in the case of a few permanent streams) upon the water of the 
large and small hill torrents Nvhich Only run when rain falls in the hills. 
The distribution of this water is effected bv a very elaborate system of 
bunds. Of course the main purpose of these bunds is irrigation, but in- 
cidentally they serve two other purposes, viz., (a) the prevention of erosion, 
and (b) tnc enrichment of the land by the deposit of silt. For both these 
purposes the system is a very efficient one. The hill torrents in the north of 
this district and m Dera Ismail Khan runin deep beds cut through a 
friable soil, and when they are in flood they have a strong tendency to cut 
back, and their tributaries and nullahs formed by local rainfall tend to spread 
back into a senes of ramifications which render large areas worthless, 
and sometimes destroy inhabited sites. The village of Diara Shah (where 
a celebrated shrine is situated) near Taunsa in the Sanghar Tahsil has 
long been threatened with destruction m this way, but has hitherto been 
preserved by throwing a bund across the channel. In heavy floods, how- 
ever, where the channel is deep and the current violent, these bunds are 
often destroyed, and sometimes it is found impossible to re-erect them 
owing to the scouring out of the channel. 

For irrigation purposes bunds are generally thrown across the beds 
where they are broad and shallow, close to the point where they emerge 
from the hills. 

These bunds are entirely of earth and are constructed generally by a 
combination among the villages benefited which comes under the super- 
vision of the Deputy Commissioner when necessary. Every village gives 
a quota of oxen and 'khens.’ The 'khen* is a wooden board with a 
handle which is held in an upright position by the driver and drawn by a 
yoke of oxen. With these instruments the earth is scraped up rapialy, 
the bund being at the same time consolidated by the trampling of the 
oxen* Many hundred yokes may be seen workiog in this way on the 
targ^ joifit embankments, and the system is a very efficient one* 

^ese bunds distribute the water and at the same time prevent eroeioa 
of the main channels. Through a series of canals ano branches the 

E. 198a. 


Bunds OB 
Ravines of 
Suleiman 
Mountains. 


^Eatlve 
Metbod of 
Forming 


The Agricultural 


ConatnictiOQ of Dams and 


ftaum. 


Slit 

Depoiltf. 


IttdQi Valley, 


water is distributed according to a carefully recorded system of rights, 
and finds its w^ into the fidds. Each field is surrounded by a bund of 
its own, and in fact the word * bund * Is used as an equivalent for a field 
of this sort It is here that the second subsidiary object of the system is 
swn, vtS; the deposit of silt. Every ^ bund ^ or embanked field is raised 
high above the natural level of the country owing to the perpetual deposit 
of silt. The water of the hill torrents is thickly charged with this deposit, 
and a depth of from three to six inches is often deposited over the whole 
area of a • bund. * This is most fertilizing and takes the place of 
manuring on these lands. 

Earthen embankments and spurs are also often thrown up to prevent 
erosion of the banks of the larger torrent by diversion of the current from 
the threatened spot as well as by silting up. In such cases the spur only 
extends part way across the bed of the torrents. They answ^er often the 
double purpose of diversion and silting, as, when the current is diverted, 
a back water is immediately formed in the angle between the spur and 
the bank, in which silt is deposited. By such means the town of Taunsa 
and the Baloch fort of Lalgarh have been preserved from destruction by 
the Sanghar and Kaha streams. 

U. — The other ^stem of bunds is along the low land of the Indus 
Valley, known as Sindh. These are not carried out by the people them- 
selves, as in the Pachadh, but are entirely managed by officers of the 
Public Works Department. The same method of construction (vis^, by 
oxen and ‘ khens is, however, followed. These bunds again may be 
divided into two classes— Inundation Bunds and Reclamation Bunds. The 
first are simply embankments for protection of jow-U ing parts of the country 
from the floods of the Indus. As to the second, i enclose a note from 
Mr. R. A. Motloy, Executive Engineer, Indus Canals, under whose super- 
vision the reclamation bunds have been constructed. Those that have 
been constructed have certainly proved very successful, both in prevent- 
ing erosion and in causing silt deposits. The principle followed is to close 
* tnc Dhands ' or side creeks of the Indus by embanxments thrown across 
them in the cold season wh€n they arc dry, and thus to confine the river in 
the flood season to its plain channel and to cause the flood water to 
dmsit its silt over the flooded areas, which lie between the main stream 
and the inundation or protective embankments. Thus the high bank, the 
inundation ombankmeius and the canal heads are protected from erosion, 
and the sails^ lands (i.# , lands dependent on flood irrigation) are enriched. 
The proceedings of the Committee alluded to in the first paragraph of 
Mr. Ilolloy's note may be consulted on this point. The system is alluded 
to with apmval in paragraph so of His Honour the Lieutenant- 
Governor's Review of Revenue Report for iSgi-oa. 


ATpU an iks stihjpci rf RsclamaiUn Bunds 0 / Dera Ohaui KhatPf 
ijy Mil R. a. Molloy, Sxpcuttvs Enginur, Indus Canals, daisd 
sH Amgusi itgj. 

The redaAialiofi bonds oonstructed in this division at various points 
alonf the right or west bank of the Indus from so miles north to 40 miles 
•OgA of Dora Ghasi Khan have been ondcrtaken in pursuance of the 
reooiniMndatkins o( the Committee ordetcd in the Panjab Govcmment^s 
No. 417 > 5 fh August 1889. 
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3. Thdr object has been (i) to check the erosion of the west bank 
the currents of the nver, and (3) to reclaim a foreshore. It was antics 
pated that the reclaimed land would be fertilized b> deposits of S1I4 but 
this result was not the pnmary object in view^ which was the protection of 
the imgat^ tract inland. 

3 In the report of the Committee it was pointed out that this process 
of reclaiming the foreshore would necessarily be gradual. It was only 
commenced four years aga Considerable areas of land have been re- 
claimed alone the west bank ; and of this area a considerable portion have 
been fertilized , but there has not been time for the operations to develop 
their full effect, and still less time for full information on the subject to be 
compiled. 

4. As to the practice of the agricultural classes in constructing such 
dams, some information is given on page 119 of the Gazetteer of the Dera 
Ismail Khan District. 

5. The reclamation bunds now being constructed along the west bank 
appear to be merely a development of this similar practice along the east 
bank higher up the river in the Dera Ismail Khan District, and the effect 
will be the building upof a “ katchi ” or fringe oisailaba land m front of the 
protective embankments behind which lie the irrigated lands. 






From J. G. Silcock, Esq, Deputy Commissioner ^ Jhelunif to thi 
Director of Land Records and Agriculture, Panjab, — No. 665, dated the 
tytn August i8g3 

With reference to your No. 1270 of the 19th July, I have the honour to 
inform you that a very large number of bunds have been construct^ 
in this district for the purooses of prevention of erosion and to fertilize the 
land by deposit of soil. These bunds are constructed and maintained by 
the agriculturists themselves, and it is in fact the only wa} in which a 

f ’cat portion of the district, which is chiefly hilly, can be cultivated. 

hese bunds are as a rule small and easily constructed and repaired by 
the zamindars, and do not need any detailed description In the last 
five years the zamindars have taken takavt to the extent of ^25,545 for 
construction of new bunds. 

Heavy rains, such as those which have occurred dunng the last two 
years, are very destructive to these bunds, but they are generally all re- 
paired after the rams for the cultivation of the rabi harvest 

The District Board have constructed a few large bunds throughout 
the district, but these are mainly for the storage of water on roads 
where water is scarce. 


MlUtFBet.d. 


From L. W, Kmo, Btq , Dtpuiy Commtsnontr, Dera lemoU Khartf 
to ike DtrtcUr tf Land Recorat and AgrtcuUure, Panjab,— No. iioo, 
dated the ajrd August iSgg, I 


1 have the honour to report as follows with reference to your endorse* 
">ent No. is^ dated igtn July 1893, on sui^ect of the construction of 
dams or biuiosW other purposes than that of tmgauon. 

a. No embankments of the nature indicatod in the Government letter 
under reference exist in the cis-lndns Tahsils of the distna (Bhakitar and 
1 ^), nor do they seem to be reqnired. In the Daman tact of the tnap* 
Indus Tahsils (Dera, Knlechi. and Tank), however, the ease is difbreat 
Hera (he countiy is to a great extent cot np m all dmetame by aviiMs* 
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(the result of the action of hill torrents) which form deep cracks in the 
otherwise level surface of the ground. The zamindars have accordingly 
in such localities been encouraged to construct small bunds across these 
ravines which, if they stand firm, serve the double purpose of preventing 
further damage by erosion and of rendering the land culturable by filling 
up the cracks with a deposit of silt. 

3, During recent years the following works of this description were 
undertaken ; — 

Kulachi Tahsil. 

1. Gatta Sahib Ramwala in the village of Takwara. 

2. Sad Garku in Nutkani village. 

3. Sad Khubezai. 

Tahsil Tank, 

4. A sad or bund in the jamal Awan village. 

5. Ditto in Garah Mamrez village. 

D$ra Tahsil, 

6. Sad or bund in the villages of Sikandar and Haindan. 

5 . Ditto in Tikon. 

. Ditto in Kolia Habib. 

9, Ditto in Fatteh. 

10. Ditto in Nun and Nawab. 

11. Ditto in Draban Khurd. 

It is a matter for regret, however, that all these “bunds'* proved un- 
•uccessful, except Nos. 1 and 2 which stood firm and achieved good 
results. 

The failure in the other cases is attributed to the following causes 

(a) The zamindars, owi^ to poverty and disunion, are unable to 
construct bunds sufficiently strong to resist the impetuous rush 
of the water from the hill torrents. 

(6) Sometimci ** noons” or leaks occur in the bunds which are diffi- 
cult of detection at first and are afterguards almost impossible 
to stop. These, if remedial measures are not taken in time, 
almost invariably lead to the destruction of the dam. To 
prevent the occurrence of those leaks it is necessanr to be 
always on the watch, and zamindars are as a rule too lazy and 
apathetic to undertake the trouble which this involves. 

At far as my experience goes, these leaks are due to the tollowing 

cauaea 

(a) Old bunds are frequently perforated with the holes made by 
field rau, which sometimes ^f not topped in time) lead to the 
formation of leaks. 

(() The clay in the Daman tract is generally of a hard texture, and 
•o U mten happens that in the process of construction a few 
large clods of earth are left m the bund. Interstices are thus 
formed between the earth of thebund and these clods which 
let in the water and thus give rise to leaks. 

{c) The bed of the ravine is generally compoeed of silt which, when 
expoeed to the tan*s rays, becomes intersected by deep cracks. 
It in erecting the bund oarth Is thrown over these craekt, a way 
Is left for tto water 10 work its way oiit« and in tliis manner 
lial» M often (armed. 
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During the current year in the case of irrigation bunds the expcritnent 
has been tried, and with excellent results, of clearing away the silt founda- 
tion before the construction of the bund Is comment. 


FAHJAls. 


n.-CENTRAL PEOriNCE80 

Prom H. H. Priest, Esq., I.C.S., Secretary to the Chief Commissioner, 
Central Provinces, Revenue Department, to the Secretary to the 
Government of India, Revenue and Agricultural Department ^ — 
No. dated Nagpur, the 20th September iSgg. 




Snbmits a copy of ktter No. 3094-74, dated the aist September 
1893, from the Commissioner of Settlements and Agriculture, con- 
taining the information collected bj that officer on the subject. 


Letter Xo. 8094-7*, dated the 21st September 1893, from 
J. B.'FuUer, Esg^ I.C.8., C.I.E., Commissioner of SetUe- 
ments and Agriculture, Central Provinces. 


I have the honor to submit the following report on the questions 
connected with the embankment of land, which are raised in Govern- 
ment of India's Circular No. dated sist June 1893. 

3. It will be convenient if I reverse the order of the beads under 
which information is required, and to state first of all how far the 
embankment of land is practised in these Provinces, and in the 
second place how far the practice has been promoted by Govern- 
ment. 


3. The tracts in which embankments are most largely used are 
the rice districts of Chhattisgarb and the Wamganga valley. The 
embankments are here mcrel) to provide the rice crop with water by 
retaining or distributing surface drainage. They are in fact irriga- 
tional works, and are not of the class to which the Government of 
India refers. 


Bntanfc* 
msiits iB MB* 
CulUvattoo- 


The best example of land embankment other than for rice cnlti- 
vation is given by the central portion of the Jabalpur district, where 
long stretches of country are divided up into compartments by sub- 
stantial earthen banks which are generally from 3 to 4 feet high and 
often very much higher. In this way the greater part of the st^ace 
drainage is impraoned, and daring the latter part of the monsoon the 
fields are deep in water and the aspect of the country is. as though 
sobmerMd by a flood. The water is drained off as the autumn advances 
and in October year after year the fields are unifonnly town with 
wheat. Land so embanked bears a particolar name in this locally 
^kaoJkwM) and it of mnch greater value than nnembanked land. ^ 
The retention of the surface water benefits the fields in Kveial ways# 
It prevents the erosion daring the monsoon to which fields of fine 
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black soil are peculiarly liable, it keeps the land clear of weeds, it 
brings out the effect of any manure which may be applied and it 
renders the land quite independent of October rain, the rain which 
is at once the most precious and most capricious in the year. More- 
over, advantage is generally taken of the flooding to grow a little nee 
during the monsoon season which is cut before the wheat sowing 
time comes round. But this nee cultivation is unimportant, and it is 
for its wheat crop that the land is valued. The embankment is 
generally supposed to add at least 25 per cent, to the produce, and 
cases commonly come to notice in which the outlay of several thou- 
sands of rupees is recovered in a few years from the increase in pro- 
duce. The embankments of land on this S)Stem is extremel) local. 
Its centre is the strip of open country which runs parallel to the line 
of railway down the middle of the Jabalpur district. In the two 
western tahsils of this district the embanked area amounts to over 
70 per cent, of the total. The practice e.xtends northw^ard into the 
hill vallejs of the Damoh district and southwards over the bay of 
good land left by the Nerbudda on which the town of Mandla is 
situated. Westwards it extends a short distance intotheNarsingh- 
pur distiict where one pargana (Srinagar) on the Jubbulpore border 
is veiy largly embanked. The practice is thus confined to a con- 
nected tract of countrv outside of which it is verv larelv found. Em- 
bankments of very similar chaiacier are met with in the Southern and 
Easlern districts, but then are mainU constructed for the growth of nee, 
and if rain crops are grown they follow the nee as an after crop of 
subordinate importance. 

There can be no doubt that for the successful embankment of 
Wheatland on this system several special a Ivantagcs arc required. The 
ground must be fairlv level, the soil must be of fine texture such as is 
bound by water, the rainfall must be hea\ \ and it is piobable that 
certain conditions as to sub-soil must be present. The land must 
enjoy ipecial advantages and us embankment is a means of utilizing 
them. It Avould be a mistake to itnas;inc that the great mass of the 
black soil wheat lands of the Provinces could be profitably converted 
into hhamdhn^i land. At the same time it seems clear that embank- 
ment in the Jubbulpore sule »s spreading on the margin of the tract in 
which It is now practised. In the Jabalpur disiiici there is hardly 
room for new embankments, as for many vears they have 
been already made on all land suuoblofor them. But Uie Deputy 
Commissioner of Narsinghpur shows that embanked lands are extend- 
ing in the eastern part of the districL And the Settlement Ofiicer 
of Jubbulpore reports that the emUankmenu are now not uncom- 
monly improved by the addition of masonry escapes which increases 
the cultivioor's control over the whaler. 

a. For hhAmikwat land a certain evenness of slope is required. 
Bwt embaokiuenis are commonly made on very uneven land wUch 
they improve by sUung as wdl as by the retenuon of water. 

Banks of this kind can be used for isolated fields, whereas one of 
the conditions for tlie success of hh^niku^i fields is that they must 
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form part of a connected series. And as they do not feqaire snch 
special advantages in soil and position, they can be made over a very 
much larger area. In principle they do not perhaps differ much 
from hhandhwas embankments. In some cases it is true they are 
made to keep surface water off the land, but generally their object is 
to retain it. I think, however, that it may be said that they benefit the 
land rather by .stopping erosion and silting up inequalities of surface 
than by the storage of water, whereas with bhandhwas land the opposite 
is the case. 

Embankments of this kind are found to a greater or less extent 
in every district. They are of commonest occurrence on the borders 
of rice country, and are typical of the wheat lands of Pargana 
Bijeraghogarh at the extreme north, and of Chanda at the extreme 
south of the provinces. If is to their encouragement that the efforts 
of Government have of late years been principally directed, and there 
can be no doubt whatever that their construction is largely on 
the increase. They are least numerous on the extensive wheat 
lands of the lower Nerbudda valley (Hoshangabad) and the Nagpur 
plain, and primii facte there are no localities in which they are more 
needed. The surface of the country is generally uneven and much 
intersected with water channels ; most fields are traversed by a de- 
pression which during the rains is filled by a miniature torrent carry- 
ing away the finer particles of soil on which the production of the 
land .so largely depends. It may be that the force of water is too 
great for check or that the soil lacks retentive power, and it would 
most certainly not be safe to ascribe the annual loss by surface 
denudation to nothing more than the apathy of the cultivators. But 
successful embankments are to be met with in these localities and 
the making ot small protective works of wattle or stone seems to be 
increasing in localities such as the Nagpur district, where much of 
the soil 18 undoubtedly too friable to form embankments. It would 
be quite as unsafe to conclude that because the land has not yet 
been improved, it is not capable of improvement. Population is 
as yet far from dense, and farms are of large size, a substantial ryot 
commonly holding from ao to 30 acres. 

5. Turning now to the action taken by Government to promote 
land embankment, I would invite attention to the correspondence 
with the Government of India on the subject of exempting improve- 
ments from assessment, ending with their letter No. dated 

3i8t January 1888. Embanked land (however much its value may 
result from natural advantages) is not liable to additional assessment 
as being of superior class until the constructor has enjoyed the whole 
of the increase in profits for at least one whole term of settlement, 
and no trouble is spared to bring this home to the people in the 
course of the settlement operations now in progress by tm prepara- 
tion of attested lists of fields which are entitled to this concession. 
Printed notices of the policy of Government have been very widely 
distributed. Moreover, as a security against any enor on the part (ff , 
the Settlement Department in future years, all persons who have. 
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made embankments since 1888, have been declared entitled to 
receive a certificate protecting their increased profits from assessment 
at the succeeding settlement. It was anticipated that the grant of 
these certificates would of itself stimulate embankment, and this anti- 
cipation has already been to some extent realized. In the four 
districts of Saugor, Damoh, Jabalpur and Mandla, 808 certificates 
have been given for embankments during the past four years ; and 
though this number may seem trifling in comparison [with the size 
and population of these districts, it is sufficient to evidence that a start 
has been made and that the policy of Government is not unappre- 
ciated. The Deputy Commissioner of Saugor states that land embank- 
ment in that district is not customary, but is becoming more general 
and popular every year and he ascribes its extension to the growth of 
an idea amongst the people that Government wishes to see it 
extended and is desirous of encouraging it. Similar reports come 
from the neighbouring districts of Damoh, Jubbulpore and Seoni. 
I may mention that the extent to which land has been embanked in 
paragana Bijeraghogarh is usually ascribed to the policy of a former 
native ruler who made the construction of an embankment a title to 
the hereditary occupancy of the land embanked. In tWe Nagpur 
district, 41 certificates have been given out, and the Deputy Com- 
missioner writes that they are much appreciated, in the neighbour- 
ing district of Chhindwara the number only reaches 21, but the 
Deputy Commissioner reports that the practice of embanking lands 
to atop erosion is gaining ground ; and the Settlement Officer states 
that the issue of notices explaining that embankment would not 
entail an increase in assessment has led to a marked extension of 
the practice since 1889. Elsewhere very small use has as yet been 
made of certificates for land embankment. But it would be a 
mistake to regard this as an indication that land was not being 
banked. The popularity of these certificates largely depends on the 
'manner of their introduction, and I was struck last cold weather 
with the large area of newly embankeo land in a district (Raipur) 
in which only one certificate had been given out. Whether certi- 
ficates are granted or not, there is a widespread impression that the 
Government views the embanking of land with favoui; and it seems 
clear that this impression is acting as a stimulus. 

6. The loans advanced for land embankment under the Land 
Improvement Loans Act have not been considerable. During the 
last four years R 16,000 have been adSanced for this purpose in the 
Saugor district, R8,ioo in Seoni, and R7,076 in Nagpnr. These 
are the largest figures if we exclude the rice districts. 

It should be added that in the Narnnghpur district the 
Court of Wards has set an example which has probably been of some 
efiect, having spent nearly R 10,000 on field embankment during the 
last four years. Elsewhere the Court hardly appnrs to have taken 
suftdent advantage of iu opportunities, though injunctions for the 
invettnent of aur^ai funds in land improvement have been fre- 
quandy iamd. 
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ri I.— BURMA. 

From C. G. Bayne, Esq., Revenue Secretary to the Chief Commissioner 
of Burma, to the Seiretary to the Government of India,— ^io. 3^ 3^3 

I.-iSt dated Rangoon, the soth September i8g3. 

Submits a copy of letter No. 258 — 479 R., dated the iith Sep- 
tember 1893, from the Financial Commissioner, on the subject. 


I^Uer No. 268—479 B., dated the 11th September 1893, from 
the Secretary to the Financial Commissioner of Burma, 


With reference to your endorsement, Revenue Department, 
No. 228 — 3 dated iith July last, I am directed by the Financial 
Commissioner to say that the information on the points referred to 
in Government of India, Revenue and Agricultural Department, 
Circular No. 23 — 113, dated aist June, is still incomplete, as no 
replies ha\e been received from the Commissioner of Northern and 
Central Divisions ; but as the information is required at once, the 
Financial Commissioner has considered it advisable not to wait any 
longer for the reports from tho.se divisions. 

2. In no case, so far as is at present known, has any action been 
taken in recent years in Burma to promote the construction of dams 
or bunds for other purposes than that of irrigation, as described in 
paragraph 1 (A) of the Circular above referred to. 

3. In no district except Pegu does the practice of constructing 
bunds or dams with the objects referred to in paragraph i (A) of 
that Circular prevail, but in some parts of Pegu cultivators do cause 
silt to deposit on their fields by keeping up high bunds or kasins 
round their fields while the rainfall is heavy. On these being cut 
to let the superfluous water flow off, there is found to be a deposit 
of silt which is an advantage. Each cultivator works for himself, 
and the people do not combine to build bunds of public utility. It 
is also said that in some cases in the Kyouktan Sub-division the 
people have erected bunds for the purpose of preventing erosion by 
drainage, but no particulars of the method adopted have been fur- 
nished, but it is said that the efforts of the people in this direction 
have been successful. 


Veryfaw 
Bmbank- 
menu axeapl 
forlrrigar 
tlOB. 


riI.-A8SAM. 


AS8AS. 


Prom the Secretary to the Chief Commissioner of Assam, to the Seeretary 
to the Government of India, Revenue and Agricvltural Department,— 
No. 360 Agtir-~JS24 R , dated Shillong, the i6th September iSgj. 

Forwards a copy of letter No. 4558, 
dated the ist September 1893, from Ae 
Uw Director, Department of Land Records 
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Letter No. 4388, dated Shillong, the 1st September 1893, 
from H. Z, Darrah, Esq,, I.C.S; Director, Department of 
Land Records and Agriculture, Assam. 

With reference to the Government of India, Revenue and Agri. 
cultural Department Circular No. 23—113, dated the 21st June 1893, 
on the subject of non-irrigation iunds, forwarded with your memo- 
randum No. 287 Agri.— 5134 R., dated the loth July 1893, 1 have 
the honour to say that I consulted the Deputy Commissioners of the 
province on the subject, all of whom, except the Deputy Com- 
missioner of Sibsagar, have sent in their replies. The Deputy Com- 
missioners of Goalpara, Darrang, Nowgong, Naga Hills, Khasi and 
Jaintia Hills,and Garo Hills report that no action of any kind has been 
taken in recent years to promote the construction of dams or iasds 
in their districts for purposes other than that of irrigation. The 
Deputy Commissioner of Sylhet has sent me an interesting report on 
the subject, a copy of which is forwarded herewith. An abstract of 
each of the reports forwarded by the Deputy Commissioners of 
Cachar, Kamrup, and Lakhimpur is given below. 

Caehar. — Of late years three bunds— one at Rangir Khari, 
another at Beth Khari, and the third at Katakhal in Tarapur— have been 
constructed with a view to prevent flood-water running into the ad- 
jacent paddy-fields and inundating the low-lung villages. These 
bunds have so far worked well. 

Kamrup.— In 1890-91 action was taken by the Local Board to 
promote the construction of bunds with the object of preventing 
erosion by drainage in two places, m., one within the tahsil of Patti- 
Darrang and the other within the tahsil of Tambi'lpvr, the former of 
which is reported to have become almost useless for the purpose for 
which it was erected, owing to a breach effected by some mischievous 
person. Steps have also been taken by the Public Works Depart- 
ment first to dam up the hill stream Kalmeli in the tahsil of Palasbari 
with the object of diverting its course for the purpose of supplying pure 
drinking water to the inhabitants of villages Ajhara and Kuli Kuchi ; 
secondly, to erect a about 300 feet long, on the south bank of 
the river Noanadi to prevent the influx of flood-water into the villages 
lying on the south sioe of the stream. The latter bund also prevents 
the erosion of the Gauhati-Nalbari road. As regards the local agri- 
culturists taking any action in such matters, it is reported that some 
private individuals in mauxa Balasgila within the tahsil of Nalbari 
erected a bund in April last on the western bank of the Noanadi with 
the two-fold object of preventing the influx of flood-water into their 
mddy-fietds and the erosion of village roads and homestead lands. 
But this bu ^nce proved a tuluie owing to the bnnd having been 
recently wuhed away. 

In North Lakbimpor a sum of RS.ooo was recently 
allotted by tto Local Board (or the purpose o( repairing the bnnds at 
Dhakoakhana, whicb is reputed to bare been since about half 
completeil. 
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From W. H. Lee, Esq., I.C.S., Offg, Deputy Commimoner of SyUket^ 
to the Director^ Department of Land Records and AgficuUwtM A$eam^ 
399$ dated SylheU the i8th August i8g^. 


MSim$ 


In reply to your No. 3867-77, dated the 26th lul^ 1893, forwarding, 
for report, Secretary to the Government of India's Circular No. 23—113 
of the 2 1st June 1893, 1 have the honour to state that the extensive district 
of Sylhct presents several very interesting problems in the matter of the 
control of flood-water. The district, though belonging administratively to 
the province of Assam, is geographically the head of the great deltaic 
country, Eastern Bengal. It consists (with the exception of scattered lines 
of hills) of low flat land, and is practically overflooded every year for six 
months during the rains. The great rainfall of the district (about 150 
inches in the average) and that of the hills of Cachar and Lushai and the 
southern slope of the Khasi and Taintia hills (uDon which the highest rain- 
fall in the world is precipitated) give to the Kusiara and Surma, which 
pass through the district, the strength of hill streams, and the amount of 
silt brought down is enormous. Practically nothing can successfully em- 
bank these rivers when in full flood, and they burst out over the surround- 
ing marshes carr>ing silt with them. Sometimes the rush of water is 
sufficient to cause destruction to houses and crops, but this is rare, 
'i he rice grown here is mostl) of a long kind, which thrives in deep water. 
It survives a slow rise of flood level to any practical extent, but a 
sudden rise submerges and destro>s it These facts make the question of 
embanking rivers one of the first importance. 

2. In 1887 an embankment was made along the Surma river to 
prevent the overflow of water from the Surma into the Kusiara, at a part 
a short distance up stream from S^lhet in the jurisdiction of the Golab- 
ganj outpost, where the Surma and the Kusiara rivers approach one 
another. I believe that this was constructed partly out of Provincial 
and partlv out of I oca! funds. It cost K 13,000. It was estionaled by 
Mr Kenned), then Deputy Commissioner, to have saved crops to the 
extent of K3o,ooo m the one )ear, 1890 It was not entire, but had 
culverts to let off the water gradually. This year, during which the 
floods have been very high, the embankments have unfortunately broken, 
and the result is a sudden rise of water on the outflow side, submerging 
and destro)mg huge quantities of the nee crop. In 1892 an embankment 
was constructed along the Kusiara nver to prevent outflow to the south. 
This IS successful, but should be extended and provided with culverts. 
The problem in this case is that there is a row of unfortunate villages 
(Bargao, Katalipara, and others) along the south bank of this river, which 
are not affected oy the ordinary yearly inundation of the country, but in 
time of high flood, such as occurs every four or five years, become con- 
verted into a sort of anicut, the bank being higher than the country to 
the south. The consequence is, that the overflow rushes like a mill- 
st'^eam m a sheet of water bodily through the village, carrying every- 
thing detached away with it. Roads in this district are necessarily raised, 
and take the form of embankments. Most of these interfere objectionably 
with the natural drainage of the country, because, owing to the smallness 
of the Local funds available, they are mnifficiently brioged and tunnelled. 
Some of them, as the river-face road at Habiganj along the Khowat, 
protect villages and subdivisional sites from erosion. In general it may be 
said that embankments in this distnct prevent, and do not proniOte, 
deposit of soil or silt. Thu u a matter of regret, since there can be no 
doubt that the agricultural prosperity of Sylhet is largeAy due (Itbe thipt 
of Egypt) lo this yearly layer of fertUiiRng mod, and also that the leVd 
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ASSAK. of the district plains is being gradually raised by this means^ indeed^ 
probably to the extent of lo or 20 feet a century or more. Of course I 
cannot speak exactly on this point, but the quantity of mud spread out 
everywhere is certainly very largre. In this reference an account of some 
previous operations of this kind is given in Hunter’s Statistical Account 
of the province, pages 300 and 301. 

3. With regara to the second point, as to the cultivators construct- 
ing any such dams for their own benefit, 1 have been unable to collect 
much information on the subject, but it is certain that such a practice pre- 
vails only to a very limited extent, and that operations of the kind are 
very petty. Of course, the usual paddy bunds called here “ ails, ” round 
paddy fields when above water are constructed to keep the water confined ; 
and the opening and shutting of these little embankments, or banks, is a 
constant source of quarrels. The ails'* are from 3 inches to a foot high. 
There are no lands requiring artificial irrigation here. It appears that 
in parganas Jayari, Sukhair, and Atuajan in subdivision Sunamganj the 
**ails** are bigger than usual, but they are washed away every flood. 

Small dams are made in parts of the Habiganj subdivision to keep 
hill streams off dwelling-houses, but these are very petty affairs. In 
Hunter’s Statistical Account, page 301, it is said that the practice of con- 
trolling water by dams for the purpose of procuring silt is quite common, 
but 1 cannot find any one who has personally seen anything of the kind ; 
I have not myself. The Executive Engineer tells me that channels are 
sometimes cut by villagers from rivers with the express purpose of pro- 
ducing silting, but this is not common, and usually too successful. Water, 
if given an opening, may enlarge it beyond control. The small resources 
of agriculturists arc not equal to any great operations in this country, or 
Sylhet might have become a second Holland, instead of being in the 
wild condition it is. I may mention that in the low-lying marshy parts 
the villages are all on artificially raised sites— regular mounds — some of 
considerable antiquity and otners more recent, up till those only just 
completcxl. These mounds- arc raised up gradually by the villagers and 
dug from channels round. 


No, 48669 daUd Shillong, the 26th October Memo, by the Director^ 
Department of Land Records and Agriculture^ Assam. 

Forwards copy of Idler No. 2963, dated the 28th September 1893, 
from the Deputy Commissioner, Sibsagar, with a copy of the cnclo- 
•urc, forwarded to the Secretary to the Chief Commissioner of 
Aaaam, in continuation of the letter No. 4358, dated the 1st Septem- 
ber 1893, for information. 


IVtui T. 1 MoviUaii, Baq., I C.S., Deputf Commissioner ef Sibaagar^ to 
ike Uirecioft Detriment of Land Records and Agricmliuro, Assam, 
— No, 9963, dated Sibsagar, ike s8th September iSgj. 

With reference 10 your letter No. 4431, dated the 7th September 1693, 
aaking for intormatton about the burds m this district, I have the honour 
to any IhaL aa you are aware, the whole of this district is interaected wkh 
old embmnienU made by the former Rajas. In tome of these the in- 
tention of preventiiHf immdadon is apparenU whSe others appear 10 have 
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been rather intended as roads^ and in others again both of these objects 
were doubtless combined. 

2. 1 enclose copy of a Note by the Executive Engineer^ Sibsagar Divi- 
Bion> which gives a list of the enbankments in the district now maintained 
by the Local Boards or Public Works Department with the object of pre- 
venting inundation. 

3. In addition to these, I may mention that in the Sadr Subdivision, 
the Sologuri Ali, for a portion of its length, about 6 miles above Langa- 
lamora ghat, acts as a protection j^ainst floods from the Desang river. 
Along the right bank of the Upper Desang runs the Mahroora Ali, which 
joins the Sologuri Ali where the latter bund leaves the bank of the river, ! 
nearly opposite Luckwah garden The Mahmora Ali is entirely in jungle 1 
now, and 1 am not sure what its total length is, but it was evidently in- 
tended as a flood en bankment. There is a proposal to open up a part 
of it as a road. The Executive Engineer mentions the Bor Ali and Dikhu- 
mukh road as running for 16 miles along the left bank of the Dikhu 
river from Nazira to Dikhumukh. Both of these roads were formerly 
known as the Borah, ^\hich is said by tradition to have been continued 
along the bank of the Brahmaputra as a flood embankment as far as 
Nignting, but the portion betueen Dikhumukh and Nigriting is not now 
maintained, and is not, I think, traceable anywhere in the Sadr or Gola- 
ghat Subdivision. The Assistant Commissioner of Jorhat reports that in 
that subdivision the Borah is traceable, and acts as a flood embankment 
against the Brahmaputra to some extent. The Assam trunk road under 
its different names of Garhali, Seoni All. and Machkhowaghar, also acts 
as an embankment against the Brahmaputra floods from Numolighar to 
near Sibsagar. '1 he Dhodarali runs as an embankment along the right 
bank of the Dhansiri river from Golaghat to Kumargaon, a distance of 
about 20 miles. There are also old embankments along the right bank of 
the Bhogdoi and the lelt bank of the Jhanzi river in Jorhat Sub-division, 
which have not been maintained in recent years. There are, however, 

f rants for their repairs in ihe Local Board's budget for the current year. 

he practice of constructing dams or embankments to prevent erosion or 
fertilise land by causing a deposit of soil does not prevail among the agri- 
cultural classes in this district. 
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Bolinarayan Borah, Sibsagar Divu 

sion^iaied tht 24th September 189J, 

The following arc the chief river embankments intended to prevent 
inundation 

i. The Desang fiwnd— In three acetiona— 

Section I.— From Sologuri Ali to trunk road, length about 8 miles. 

„ II.— From trunk road to Dhai Ali, length 4 miles. 

„ 111,— From Dhai Ali to near Desangmukh, length 5 J miles. 

The whole of this bund ia on the left bank of the river. The first two 
sections arc old crobankmenu maintained by the Local Board. The 
third section was newly constructed by the Public Works Department in 
iBpa-OY, and is being maintained by that department. 

a. 7h$ Dehing fla inf— extending on the left bank of the Dehing river, 
from the trunk road to Dehingmukh. This is an old embankment. It 
exists only in parts, and has not been repaired by the Board or by the 
Pi*lic Works Department for many years. It has been proposed to^ 
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reconstruct it this year through the Public Works Department (as a Pro- 
vincial work), and there is a budget grant for it. An estimate has been 
already submitted to the Superintending Engineer for sanction. Length 
about 9 miles. 

3. The Dhai i 4 //-^xtending from the Dikhu river at Sibsagar to 
Dehingmukh. This is an old road embankment. It checks the flood of 
the Brahm^utra and protects to some extent the countr) to the east of 
it. Aboutomiles of this embankment are maintained by the Local 
Board, and the rest (g miles), which is more or less unfinished or 
damaged, is not maintained. An estimate has been sent up this year for 
raising and completing this bank. Total length is 15 miles. 

4. The Darika Bund — extending on the left bank of the Darika river 
from the trunk road to the Dhai Ali, is maintained b\ tlie Local Board. 
Length 2 miles. 

5. The Dikhu There are several old road and river embank- 

ments along both banks of the Dikhu river. The) are maintaired partly 
by the Local Board and partly by the Public Works Department. 

The Kajira Ah and the Taxali on the right bank and the Borahs the 
trunk road, and the Dikhumukh road on the left bank, are primary road 
embankments, which check the flood of the Dikhu river, and prevent 
inundation in the country beyond them. These roads do not, how-ever, 
closely follow the banks of the river. There are secondary embankments 
along the banks, which protect the country bctw’een the river and the 
mam embankments. These secondary embankments are not, however, 
continuous, and the only bit which is now maintained b\ the Board is 
about 4 miles in length on the right bank from Kumargaon to the 2nd 
mile, Nazira Ali. This protects the towm of Sibsagar There is also a 
small bit on the opposite bank from the Amgurighat to the Mctekaghat, 
which Is sometimes repaired by the B )ard. Total length 42 miles. 

Borali . 8 miles, maintained by Board. 

Trunk road . 4 ditto ditto by Public 
Works Department. 

Dekhumukh • 8 ditto ditto ditto 

Nazirali • g ditto ditto by Board. 

Taxaii . 7 ditto ditto by Public 

Works Department, 

Secondar)' embank. J On right bank 4 miles') jitto by Board. 

incnls. tOn Icit • a .t ) 

Besides these main embankments, there are old secondary embank* 
ments along other rivers, >^hich are, however, not maintained. 

IX^BERAR {HTDBRABAD). 

fVem O. V. Bosakqcit, Esq, Sttrdary for Btrar to tht Retidtnt at 
tiyicrahad, to Ik* Steretary to tit Gevtrnmtnt of India, — No. a86, 
daitd fffdtrakad Ratdtnty, tk* s^th Stptmber 1893. 

Sabmto copy of a report prepared by the Director of Land 
Recoida and AgricuUore. Hyderabad Assigned Districts, regardn^ 
vo constroclion during recent yean in that Province of dama or 
r bonds for pnrpoaea otl^ than that of irrigation. 
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Letter No 1700, dated Akola, the 30th Attguat 1893, from 
F W France, Esq., IHrector of Land Records and Agri- 
culture, Hyderabad Assigned Districts, 


’BBRAB. 


With reference to your endorsement No. 6498 of aoth July, to 
the Secretary for Berar'e No 2298, dated 14th July 1893, giving 
rover to Government of India’s Circular 

No. 23 — 113, dated Simla 21st June 1893, I have the honour to state 
that — 

(T) No action has been taken in recent jears by the Berar 
Administration to promote the construction of dams or 
bunds for any purpose other than that of irrigation 

(/) The practice docs prevail to a considerable extent among 
the agricultural classes of constructing dams for the pre- 
vention of erosion b\ drainage. 


2. The Depuiv Commissioner, Bas’m reports that latterly there 
has been a larire demand for iakavi loans for this object 


E. 198 a. 
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[Dictionary of Economic Products, Vol, VI., Pt. II., 
{Chemistry of Cane and Cane-Sugar), S. 61-64.] 


CHEMICAL COMPOSITION of SUGAR-CANE and RAW SUGARS. 

Note {being the third) by Dr. J. W. LEATHER, Agricultural Chemist to the Govern^ 

ment of India, 


Ob)ect$ of the Experiments.— The principal objects of the 
experiments on sugar-cane, which are being carried out at the Experi- 
mental Farms at Poona, Cawnpur, Dumraon and Burdwan, were 
briefly detailed in the first paragraph of my second Note on the Com- 
position of Sugar-cane and Raw Sugars {vtJe The Agricultural 
Ledger No, ig of 18 gb). They are (i) to determine what quantity of 
manure may be most economically applied to this crop, and (a) 
what varieties are the best sugar-producers. For the results of the 
field experiments reference must be made to the Annual Reports of 
the Farms concerned. 

2. The investigations into the chemical composition of the sugar- 
cane and its products, which I commenced in the cold weather of 
1894-95 and continued in that of 1895-96, have again occupied my 
attention during the past season. 

3. Of the several subjects mentioned in paragraph a of The Agru 
cultural Ledger No, eg of tSg6, some 1 considered did not call for 
farther attention at present. 
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The amounts of Nitrogen and Phosphoric Acid, which are removed 
by the crop, must naturally vary according to the weight of crop, 
and consequently the approximate estimate given on page 20, State- 
ment No. 14, I, f., will be sufficient for the purpose of giving an 


Seum should 
b« removed 
Quickly. 



idea of the the total amounts of these plant foods removed in this 
crop. 

Again, the amount of sugar which is removed in the scum during 
the boiling down of the juice, is a matter which I have not further 
enquired into, because, in the first place, it is impossible under the 
conditions in which the cultivator works to avoid taking sugar with 
the scum, and, secondly, this sugar is not wasted, but is put to one or 
other useful purpose. 

Regarding this matter, however, I may here point to the desira- 
bility of taking off the scum as guick ly as possible. It will be clear that 
the longer the scum remains floating on the pan of boiling juice, the 
more concentrated the juice becomes, and since approximately the 
same amount of liquid will be carried with the scum whenever it is 
removed, that liquid will contain more sugar if the juice has been 
allowed to concentrate first, than if the scum be removed whilst the 
juice is still dilute. The scum rises rapidly as soon as the liquid 
boils, and the skimming should be performed quickly and thoroughly 
at once. Then a small quantity of milk (about 4 ounces) may be 
advantageously added, which will cause a little more scum to form 
and this should again be got nd of as soon as may be. 

The other subjects mentioned, /. c., have again formed the sub- 
ject of experiment. 

In addition, however, to the experiments which have been con- 
ducted on cancs grown at the Farms, a considerable number of 
expetimenU have been made on cane grown by cultivators. The 
investigations of previous year? had shoiyn that it was most impor- 
tant to determine, at far as possible, two items in lelation to the differ- 
ent varieties commonly grown, one being the amount of juice 
obtainable, and Uie other the percentage of sugar in the juice. A 
further matter engagevi mr attention, namely, the identification 
of varieties. The culiixaiors know their own varieties perfectly 
well and have names for them, but onfortunately these names 
are frequently of no service at all in finding out in two differ- 
ent diauicti wbeihet one is dealing with the same or different 
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varieties. Consequently it seemed desirable to decide on a system of 
describing varieties, their appearance, etc., so that a variety grown, 
say, in places far apart might be identified by different observers. 

The descriptions of the \arielies met with will be submitted in a 
separate paper, together with such information as has been collected 
reUtive to the percentage of juice and its quality. 

Another matter on which some additional information was 
obtained this season was the effect produced on the juice by the 
cane being “ laid In the case of the crop of ** Matna " variety 
grown at Cawnpur Ir 1894-95, a good deal of the crop was laid by 
excessive rain, and it was then found that the juice of such cane 
contained less sugar than that of the standing cane. 

The crop of 1895-96 was not “ laid" at all, but this year, owing 
to the height to which manv of the varieties grew, a good deal fell 
down, and the fallen cane was crushed separately and its juice 
analysed. 

A third subject of investigation w'as the comparative quantity and 
quality of the juice of the top end and that of the mam portion of 
the canes. In the Burdwan district the crops are usually grown 
exclusively from the “tops'’ of cancs, whilst inmost other parts 
the whole cane is cut up for seed. As will be seen from paragraph 
8, the Burdwan practice is an economical one. 

A further subject on which I have been engaged is the relation' 
ship between the specific gravity or density of the juice and the per- 
centage of total sugar. Information on this point will be of service 
to those who may wish to know the amount of sugar in juice> but 
who have not the means at hand to determine it chemically. 

The subject matter of the present Note may accordingly be con- 
venient!) dealt with under the following heads : — 

{a) The amounts of cane-sugar and glucose in sugar-cane 
juice. 

{b) The relative composition of the top end and the main por- 
tion of the cane. 

(c) The relation between the specific gravity of juice and the 
percentage of total sugar. 

(i) The amoant of cane sugar and Glucose in Jtab. 

(/) The amount of “ inversion'* during the boiling process and 
the effect of liming. 
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(/) Handcentrifugal-raade sugar. 

4, (a) The amounts of cane-sugar and of glucose in 
sugar-cane juice ,— quality of the juice may be again conve- 
niently dealt with under three heads (/. c„ page 2) namely : — 

(1) the comparative quality of the juice of different varieties 

grown at the same place ; 

(2) the effect on the quality of the juice of transferring cane 

to long distances ; 

(3) the comparative quality of the juice of the same variety 

grown with different amounts of manure ; 

5 The amounts of cane-sugar and glucose in the juice 
of varieties grown at the same jdace, Cawnpur.—Ai this 
farm the same six varieties were again cultivated as in 1895-96 and 
Statement No i exhibits the results. 

Each varietj was grown on two plots, all of which were manured 
with Poudrelie, the one set of plots receiving about 250IIJ of Nitrogen 
per acre in the manure, the other set about 50 ft of Nitrogen 
Although the cultivation was verv good indeed, the crops grew so tall 
that the) fell down considcnbU. An attempt was made to tie them 
up with the dry leaves, a method commonh practised in the Burdwan 
district, but the attempt was not altogether effective. This method 
of keeping the crop erect is ver) successful if properly carried out, but 
no'onc at Cawnpur had seen it done, and it is probable that the tying 
up commenced too late. At Burdwan tving commences when the 
crop is enU a couple of fcci high. It is nctcssarv to mention this 
because cane, even when 14 and 16 feet high, will remain erect if 
projicrl) supported in this manner 

Slatcmtnt No. 1 exhibits the anahscs of the juice of the six 
varieties as grown, each on two plots, one analysis being for the 
juice of the cane which remained creel, the other lor the juice of the 
cane which (ell. Thcie is some difference between the amounts of 
•agar in the juice of the sunding and fallen cane respecuvely in 
each case, the juice of the fallen cane containing a somewhat lower 
proportion of sugar. The loss u not. however, so great as it was in 
the caee of the crop of “ Matiia *’ m 1894-95. »*'‘ch was laid by tain 
(tirf# page 3, AgrhuUiiral LrJga A#, ij </ 1^95), 
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Generally it may be said that the percentage of sugar is much the 
same in each of these varieties as last year, vrith the exception of the 
“ Matna and the change which appears to have occurred in this 
case will be the subject of remark in a later paragraph, 

Dumraon.—hX the Dumraon Farm the same six varieties were 
again grown as in 1895-96 but with somewhat different manures. 
In 1896-97 each variety was grown on two plots, one being manured 
with castor-cake containing 250I) Nitrogen per acre, the other 
receiving cattle-dung containing 250SE) Nitrogen per acre. At this 
farm the water-supply broke down altogether after the monsoon 
ceased and the crops, especially the "Poona” and “Red Bombay,” 
simply dried up to a large extent and were attacked by white ants. 

At Dumraon the tying up was done well by a man from Burdwan, 
otherwise it is probable that all the large cane would have fallen. 
Before crushing the dried cane was separated as completely as pos- 
sible from the sound cane and the analyses in Statement No. 2 are 
those of the latter only. 

It will be seen that usually the amount of sugar in the juice of 
the cane from plots manured with castor-cake was poorer than in that 
from the plots manured with cattle-dung. This is likewise a point 
which will be referred to in a subsequent paragraph (No. 7). This 
circumstance occurred in five cases out of the six. 

Generally the amount of sugar in the juice of these varieties is 
sqmewhat greater than in the crops of 1895-96, the increase being in 
cane-sugar, whilst the proportion of gluccse has decreased in several 
instances. 

Burdwyiis.— This is the first occasion on which analyses of 
varieties of sugar-cane have been made at this farm. Only two 
varieties were grown there, and the composition of the juice is ex- 
hibited in the following sutemcnt .—(No. 3). 
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Statement No. 3. 

Analyses of the Juice of varieties grown at the Burdwan 

Farm* 


Variety. 

Samsara. 

Khari. 


Manure applied. 

Cattle*dung 
N,« 2 SOft 
ptr acre, 

Cattle-dung 
N.= 350ft 
per acre. 


Cane-sugar 

1478 

16-59 


Glucose 

I '33 

ro3 


Total Sugar • 

i6‘ii 

1 

1 

l 

17*62 


Ratio: Total Sugar to Glucose 

\ 

8-25 

5’84 

Cant train* 
porttd to long 
dlftanoa. 
Ifftot on tnt 
JUlot. 

■auriUut 

oast. 

The “ Samsara ” cane was grown on a second plot manured 
with caslor-cake, the juice of this plot having the same specific 
gravity as that analysed. 

6. The effect on the juice of transporting cane to tong 
distances, — At the time of writing my last Report on this subject, 
there were only two cases which could be quoted in evidence of the 
effects produced on cane by transport to long distances. 

The one was the case of the two varieties of Mauritius cane, im- 
ported in 1 894. These two varieties were supfwsed to be very rich in 
sugar when they were first obtained, and it was surprising to find that 
both in the crop of 1804-9$ as likewise in that of 1895-96 the juice con- 
tained comparatively little sugar. They were grown again in 1896-97 
at Poona, and it is satisfactory to find that in both cases the percentage 
of sugar has risen. The “ white Mauritius ” which contained about 
II per cent, cane-sogar and i '4 glucose in 1895, prodneed a juice 
containing 1471 per cent. can6^ugar and *99 percent, glucose in the 
past year’s crop, while the *' Red MauriUos,'’ which had Only about 
to per cent, cane-sugar and a per cent glocose in the juice of the 


( crop of i 89 S* 9 f(i <**7 por cent, canc-sagar and I's per cent. 
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glucose in the past year’s crop. Thus in both cases there has been 
a very material improvement. 

The second case quoted in my previous Note was that of the 
“ Poona Pundia ” variety which had been grown in 1895-96 at 
Cawnpur and Dumraon. It was then found that, instead of contain- 
ing about f6 to 18 per cent, of total sugar as at Poona, the crops 
at these farms contained only about 14 percent, of total sugars 
(/. c,, page 3). The same variety was again grown at the two 
farms last year, and as will be seen from a comparison of the 
quality of the juice of the “ Poona ” variety as exhibited in State- 
ments Nos. I and 2 of Agricultural Ledger No. 19 of 1896 with the 
corresponding figures in Statements Nos. i and 2 of this Note, the 
percentage of sugar remains about the same and no improvement has 
)et taken place. 

Some further evidence on this point was obtained during the 
past season, A number of varieties of cane commonly grown in the 
Bombay Presidency were collected at the close of 1895 and planted 
at Poona. These were all analysed during the past cold weather. 
Later I visited villages in the neighbourhood of Belgaum and 
Dharwar, and analtsed some of these same varieties as grown by the 
cultivaio.-f, and the results may here be quoted. 

It will be seen from the figures in Statement No. 4 that in three 
cases the qua’ity of the juice was much lower in the crop at Poona 
than at the place from which the cane was obtained, in two instances 
it wa.s higher and in one the quality remained stationary, 

7. Tiu; Juice of ttie same variety grown with different 
mawurcs.— When reporting last year on the effect which manuring 
has on the quality of sugar-cane, I cited two cases in neither of which 
lad the manuring caused any change. The natural conclusion was 
therefore drawn that manuring had no effect on the quality of cane. 
The one was the “ Poona Pundia ’’ grown at Poona and the other 
was “ Matna” variety grown at Cawnpur. This year another variety 
the “ Madrasi Pounds”, a large cane extensively grown in the North- 
Western Provinces and Oudh was grown at Cawnpur with varying 
amounts of manure and the composition of the juice is set out in State- 
ment No. 5. In this case likewise the manuring, neither in amonnt 
nor kind, has produced any effect on the quality of the jnice, and I 
may also add that the percentage of juice expressible in the mill 
was also apparently naafiected. 


EXPEBI- 
KENTS 
with 
SUGAR-CANB. 


Poona cano 
grown at 
Cawnpur and 
I Dumraon, 


Bombay oane 
grown at 
I Poona, 


Using of 
dlflTorent 
manures. 
ElTeot on the 
Juloe. 
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Statement No. 4. 

Showing the amount of Sugar in the Juice of Varieties 
grown at certain places in the Bombay Presidency, iSgy. 


Variety, 

_ _ . 

Where grown, j 

Per cent. 
Canc- 
sngar. 1 

Per cent 
GlacoBC 

Where grown. 

Per cent. 
Cane- 
sugar. 

Per cent. 
Glacose. 

Pundia • 

Khanapur . 

16-50 

•85 

Poona • 

I2*Go 

1-48 

Sana Bit 
Kabbu . 

Do. 

i 3 ‘ 3 i 

1*09 

I 

Do. 

17-38 

•(.8 

Kari Kabbu 

, Belgaum . 

1 ’ 

, if 47 

1-67 

Do. 

11-67 

>•54 

Do. 

Khanapur . 

1667 

1 fii 

1 

Do. 

6-13 

2-57 

1 

Betta Kabbu j Bclgaum , 

1 13'2 

j 77 

Do. 

9-10 

f .9 

Hulbi Kab- 
bu. 

1 

1 

j Do, 

1 

1 

' 14-68 

1 

1 

• 4 

1 

Do. 

16*06 

Very 
' little. 


The “ Poona Pundia ” is one of the largest varieties grown in 
India, it is extensively cultivated in the Deccan and Southern Mahratta 
country, and is generally, if not always, manured heavily. It was 
also grown with large amounts of manure at the Poona Farm. 

The “ Matna ” is a small thin cane extensively grown in some 
parts of the Nonh>Western Provinces and Oudh and is usually 
manured but little. At the Cawnpor Farm in 1894-95 and 1895-96 
it wu grown with comparatively small quantities of manure. 

It thus ao happened that in each case the particular variety on 
which the evidence of the effect of manuring rested, was manured 
in much the same manner as the plants were accustomed to. The 
CiM of the “ Madrasi '' crop above referred to would likewise afford 
evidence that manuring has no effect on the juice. 

The crop ef" Poona Pundia” gnron at Poona in 1896-97 was 
not analyeed this year. There seemed to be no object in repeating 
the experiment, since the quality of hs juice had remained coiwtant 
^ for two yetrt (nd* AgrkuUural Ltigtrt Bet. 13 •( iBgy, page Xi 
and rp if page 5}. 
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The " Matna” variety was grown at Cawnpur in 1896-97 on two 
plots, both of which had a dressing of Poudrette, in one case contain- 
ing Nitrogen equal to 50081 per acre, and in the other Nitrogen equal 
to 250ft) per acre, both amounts of manure being far more than is 
usually given to this variety. The crop grew about twice as high as 
usual. But in this case manuring seems to have had a material 
effect upon the cane. In 1894-95 this variety, grown with small 
amounts of manure, yielded on an average of 9 plots 51 per cent, of 
juice at the mills : in 1895-96, when it was again grown with small 
amounts of manure on 9 plots, the percentage of juice extracted was 
46*5 ; in 1896-97, when it was grown wilh large amounts of manure, 
the proportion of juice obtained was 6o'3 per cent. On the other 
hand, the percentage of cane-sugar in the juice of these crops was 
I4'9, i 6-2, ir2 for the corresponding years, and of glucose 0-4 and 
ro percent, in the last two years. Thus, whilst the percentage of 
juice has increased very considerably with the increased supply 
of manure, the proportion of sugar has fallen very seriously. 

At the same time, although this result must be attributed to the 
heavy raanuilng, it would not be at all proper to infer that heavy 
manuring is to be deprecated generally. It is really a case of 
having grown a certain variety of cane under essentially different 
conditions to those to which it is usually accustomed. 

Another instance of a similar nature may be quoted. The Bhurll 
and Mungo v.irieiics of Debar have been grown for two years at 
Dumraon with large amounts of manure {vide Agricultural Ledger 
No. i<) of page a, and Staiement No. a of this paper). 

The percentage of total sugar in the Juice of the Mungo variety 
in 1896 was 10-5, In 1897. 130 and i4'o(two plots). The per- 
centage of sugar in that of Bhurli was 13-6 in 1S96, and 14-5 and 
16-3 in 1897- At Behca 1 happened to analyse a sample of the mixed 
juice ol these two varieties (they are' commonly grown there as 
a mixed ciop willi little or no manure). The juice expressed came 
to 53 cent.; it contanicd 17-9 per cent, of cane-sugar and 23 of 
glocwc. an amount much In excess of that found at Dumraon, and 
one may infer that the heavy manuring at Dumraon has reduced the 
percentage of sugar. The instance is parallel to that of the 
Matna variety at Cawnpur ; in each case, varieties have been grown 
under wsciiually diOcicBt condiuoni to those to which they are 
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accustomed, and this appears to have had a disturbing effect on the 
juice. 

We have, therefore, evidence not only that cane may suffer from a 
change of climate, but also that, if other conditions, such as manur- 
ing, are materially changed from those under which the plant has 
been long cultivated, the quality of the juice may be lowered. 

When presenting this evidence of the (possibl)) bad effect pro- 
duced on certain varieties of cane by heavy manuring, it must not be 
assumed that such effect is permanent. On the contrary, judging 
by the Bhurli and Mungo varieties grown at Dumraon, one may 
expect that the normal proportion of sugar will again be obtained in 
the course of a } ear or two. 

Moreover, and this is a still more important factor, with an 
increased supply of manure a much htavier crop is obtained, far out. 
balancing such depreciating effects on the juice as have been quoted. 

8. ib) The relative composition of the top end and the 
main jwrtion of the rane.— As explained m paragraph 3, 

it is of interest to know the comparative quality of different parts of 
the cane, because in .some places, sucli as Bard wan district, Bengal, 
it is the practice to grow the crop c.xclusivclv from sets cut from the 
top end of canes, whilst in most parts of India tlie whole cane is 
cut up for planting. 

I therefore made five experiments at Burdwan in which a bundle 
of whole cane was taken m each case, the tops cut off and the two 
portions weighed. They were then passed through the mill separately, 
and the juice analysed in three cases, the specific gravity alone 
being determined in the other two. 

The results of these experiments are set out in Statement No. 6, 
in the upper part of which is given the weight of cane operated upon 
and the percentage of juice obtained, whilst in the lower part is 
furnished the analysis of the juice. 

In the first place it will be noticed that the amount of Juice obtain- 
able from the top end of cane is very much less than that from the 
main portion of the stem, the percentage in the former case varying 
between 466 and 56-1, whilst in the latter it was between 61 
and 74 I. < 


EXPERI- 
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Then, secondly, it will be seen that the aniount of cane-sugar and 
of total sugar is much higher in the juice of the main part of the stem 
than in that of the top, but the amount of glucose is much lower in 
the former than in the latter. 

That this is not in any way exceptional to the canes grown at 
Burdwan will be evident from an inspection of the analyses detailed 
in Statement No. 7. 


ixmi- 

MBNTS 
vttk 
StrSAR-CAMK 


Burdwaa. 


Statement. No. 7. 


Composition of Juice of different parts of Sugar-cane. Poonoy 

1S9S. 



MldU ii-Hf/BD 
Ca NF 

1 

Larui Cane. 

bMALL CaNB. 

Small Cane. 


1 

Per cent 
(. aot-siigar. 

Ptr cent. 
CaiK-BUKar. 

Per cent. 

1 Canc-suaar. 

Per cent. 
Cane-hugar. 

Top end 

1533 

10-41 

12-24 

12-08 

Middle « 

20*21 

18-67 

1776 

17-46 

Bottom end • , 

i8’vi5 J 

>9‘95 

1 

I9‘13 

19 28 


When at Poona in 1895 I determined the percentage of cane- 
sugar in different parts of four sample canes of the “ Poona Pundia ”, 
In this case the analyses are of the juice of single canes, but the 
evidence is quite uniform, and confirms that obtained this year at 
Burdwan. 

Assuming that just as good a crop will be obtained from planting 
with the tops only, instead of cuttmg up the whole cane, and further 
that cane will not deteriorate from being thus propagated, it will be 
evident that it is much more economical to grow from tops only. It 
is difficult to estimate the gain from the adoption of the Burdwan 
custom, but the following calculation based on the figures quoted 
in Statement No. 6 will perhaps exemplify the difference. Assam - 
ing that ia,ooo “ sets ” of Somsara variety are planted per acre and 
that each “set” from the main part of the cane weighs 351b 
then the weight of cane required for sowing one acre would be 
a.acolh. If this were crushed for sugar production, the weight of 
gur obtainable may be calculated thus j it may be assumed that it 
will be possible to extract 70 per cent, of juice that the peroeniigo' 
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of total sugar will be 17, that 10 per cent, of the total sugar would be 
taken off with the scum, and that the gur would contain about 80 
per cent, of total sugar. Then from the 4,2oo5) of cane, 2,94081 
of juice would be obtained ; containing 50081 of pure sugar ; 
deduct 10 per cent, lost in the scum and the remaining 450S1 of 
pure sugar would produce about 560B1 of gur. 

On the other hand, the amount of obtainable from 12,000 
top ends of canes may be calculated thus : Each set will weigh 
say, *2881 {vide Statement No. 6), and the weight of cane planted 
would thus be 3,36081. If crushed, this cane would yield, say, 50 
percent, of juice containing i2‘5 per cent, of total sugar. Thus from 
the 3,36081 of cane, 1,68081 of juice would be obtained containing 
2ioBiofpure sugar. Deduct 10 per cent, lost in the scum or 2181 
and the remaining 18981 would give about 2361bs. of gur. 

Thus assuming that this case fairly illustrates the different 
amounts of gur obtainable from the lop ends and the main portion 
of the ‘‘ Samsara " variety, planting the whole cane means a loss of 
some 32081 of gur per acre planted. 

A similar calculation for the other variety, namely, Khari, which 
was experimented upon, shows a loss of about 14081 of gur by 
planting from the mam part of the cane. This variety is a thin one 
and the “ sets " weigh consequently much less than do those of the 
thick “ Samsara" cane. 

, In any case the subject is worthy of experiment, and some cane 
will be grown from the top cuds and main portions of cane at one 
or two of the farms. 

The evidence at Itand certainly does not indicate that cane depre- 
ciates from being continuously propagated from the top ends. The 
'• Samsara ” cane at Burdwan is an exceptionally good variety, 
yielding about 70 per cent, of juice at \hc mills and some 15 to 18 
per cent, of loul sugar in the juice, and apparently the method has 
been in vogue for a long time there. 

9. XAe releittoH 6el«v>en the npecifte gravity of Juice and 
lAe peroenioife o/toUU eugar. --The value of a cane may be laid 
to depend in a great measure on the percentage of juice obuinable 
from it and the percentage of sugar in tliat juice. 

The fonner may be readily determined by crushing 80 or loofc 
of any particular variety and weighing the juice expressed. Iron 
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mills are to be had almost anywhere now and the operation can be 
earned out by any one who possesses a good spring balance. The 
percentage of sugars in the juice can only be accurately determined 
by means of certain chemical operations, for the performance of 
which a special training is necessary. In the case of pure, or nearly 
pure, solutions of sugars the specific gravity bears a definite reta* 
tion to the percentage of sugar, and they may in such cases be deter- 
mined with a fair degree cf accuracy by observing the specific gravity 
of the solution together with the temperature prevailing at the time. 
This IS an operation which any careful person may perform. In the 
case of cane juice, however, other substances arc present which also 
influence the density, and the same relation between specific gravity and 
percentage of sugar no longer holds good. It occurred to me, however, 
that the proportion of these other substances might be tolerably per- 
maoent in cane juices generally, and in that case tables might easily 
be prepared showing the percent ige of total sugars which corresponds 
to the specific gravity 


XXPBU. 
IfBNIS 
. with 


Speelfie 

ipnwuitegMt 

totid j 


A considerable number of samples of juke of different varieties 
of cane have now been examined chemically and the percentage of 
cane-sugar and glucose determined in them. I have, therefore, put 
these together in Statement No 8 , in which is also entered the 
specific gravity of the juice at 15'5° C and the percentage of sugar 
which corresponds to the specific gravity in each case, on th* attump-- 
/ton that the dentity tj enttrtlj due to sugar. 


pp, 

tt an4 91, 


Owing to the presence of the other substances referred to, this 
calculated proportion of sugar will alwars be too high and it was 
with the object of finding out whether the difference between the 
calculated and true percentage of sugar remained fairly constant 
that the comparison was made. There is no ready means of deter- 
mimng the amounts of these other substances (consisting as they do 
of albuminous matters; carbohydrates other than sugar, organic 
acids, etc.), and in such cases a simple method is to make a large 
number of determinations of the one factor (in this case sugar) and 
ace if the other material or “ difference’' remains faurly constant. 

In the last column of the statement U entered the difference 
between the calculated and true amount of sugar in each tanple of 
jiuoe ezamined. * 
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Statement No. 8 

Showing the specific gravity of juices at ig-f C. with calculated 
per cent, total sugar and per cent, total sugar found. 


Samplbb. 

► 

IT 

td 

cid 

uV 

15 ‘•n 

a. Q) 

Per cent. Total 
Bugar from 

specific gravitv. 

Per cent. Total 
sugar found. 

Difference. 

SoMih M ah raft a Sugar canes, 

Kard Kabbu, Khanapur . • . • 

oo 

o 

21 

178 

3*2 

Pundia, Khanapur . . > » * j 

i,o8o 

IQi 

17-4 

2 I 

Striped cane, Khanapur • • » . 1 

II085 

2OJ 

18 0 

2'5 

Sana Bid. Khanapur • . . . ' 

1,082 

20 

iSt) 

2 0 

1 

Hullu Kabbu, Santa Bastwad • . » 

1.083 

20 

i7’o 

3-0 

Pundia Santi, Bastwad • • • . 

' 

1,090 1 

2li 

187 

2-8 

Rasala, Belgaum • • . • . 

‘.073 

!8 

159 

2’I 

Pundia-Kilgiri, Dharwar (flowered) 

1,082 

20 

18-3 

n 

Do. do. (not flowered) 

1,083 

20 

17-9 

2‘I 

Striped cane, Kdgtri • • « . . 

j 1,07 s 

19 

‘7’3 

17 

Hullu Kabbu, Aluawar . . . . 

1,084 

20 

i8'i 

i’9 

Pundia, Narendra 

1 l,oSo 

1 

*9i 

17 a 

23 

• 

• 

6 

6 

Q 

1 1-078 

»9 

171 

19 

Kali Kabbu, Narendra . . . . 

14)76 

m 

|6"2 

23 

do. . • . < 

1,072 


‘5‘ 

*4 

Striped cane, Maungatti . . . . 

14)87 

21 

181 

rg 

Do. do. . . . . 

14)78 

1 

*9 

1 6-6 

a'4 

Ratooned Pundia. Manjri . Rot iii 

1.074 

1 

18 

‘59‘ 

n 

Red Mauritios cane, Manjri . , 

1 1.065 

1 

16 

15-2 

•3 

Ratooned Pundia. Maajri .Rot (cotton 

teed) 

I 

.14)65 

1 

16 

idt) 

1 

LL 
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Statement No. 8 ‘ilnn^’ 

Showing the specific gravity of juices at iS^ C, with calcu la ted 
per cent, total sugar and per cent, total sugar found— 


Samplis. 


Is in It 


CavHpur Farm, 


Madrasi Puunda 


Saharanpuri do. 


Do, do. 


Poona 


Dikchan do. 


Plot a 


Plot 3 


Plot 4 


Plot 6 


Field A. B, 


i 3 i6'i r9 

i8 i6'a i‘8 

i 7‘5 > 5'6 J ‘9 

16-5 14*1 2’4 

>7 I 5'3 »'7 

16 13-9 a*i 

>7 > 5-3 n 

•65 13’8 27 j 

i8-o i6'i 1*9 

17 »4’9 9*1 

>7 150 a-o 

>6 5 140 2's 

165 14-9 1*6 

16-5 15-0 1-5 

16 ia8 33 

16 135 a-5 

16 i4'a f8 

15 i3'8 a‘3 

•S'5 *3> 9’4 

17 I5'3 *’8 


Ir.o6oi 15 11*5 3*5 
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^ with Showing the specific gravity of juices at iS‘S° C. with calculated 
per cent, total sugar and per cent, total sugar found — contd. 


SAMPLtt 

Specific gravity 
at i5*s*C. 

Total sugar 

calculated from 
specific gravity. | 

Total sugar deter- 
mined. 1 

Difference. | 

1 

Cawnpur Farm — contd. 





Dikchan Pounda • 

• 

. Field A. B. 

1 

1,044 1 

I I 

8-8 

2‘2 

Dhaul do« • 

• 

• >» 

i,o66 j 

16 

> 3‘9 

2 T 

Do. do. 

• 

• H 

1,062 

15 

12*9 

2*1 

Matna do. 

• 

• fP 

1,067 

i 6'5 

I4I 

2'4 

Do. do. * 

• 

• » 

1.062 1 

15 

12*3 

2*7 

Saharanpuri Pounda 

• 

. Field 10-11 

1,070 

17 

> 5‘3 

17 

6 

6 

C 

• 

• it 

i,(/>^ 

>7 

143 

27 

Madfasi do . 

• 

• »i 

1,067 

165 

14-4 

21 

Do. do 

• 

• II 

1,066 

16 

‘3 4 

2*6 

Poona Pounda, Fitld 

lO-ll 

Fallen cane . 

1.059 

14-5 

12 5 

2\t 

'Do. do. 

f* 

Standing cane 

1,062 

'5 

I3’6 

1*4 

Dikchan do. 

H 

M 

1.044 

II 

86 

24 

Do. do. 

n 

Fallen • • 

1,039 

10 

8 1 

19 

Dhaul do. 


Standing . 

1,062 

>5 

12*3 

2*2 

Dok do. 


Fallen . 

1,058 

i >4 

11*4 

2*6 

Matna do. 


Standing • 

1.049 

1 ‘a 

1 

loi 

1 

1*9 

Do. do. 


Fallen • 

«/>49 

ia 

( 

1 

, 10, 

1 

1 

1*9 

FanWitff oi DitmraoH 

farm 



( 

♦ 

I 


Mnnfo, castor.cake 

• • 

• . Plot 

• •058 

140 

1 

12*9 

1 

fl 

Do. cattle^Iung 

• • 

• • m 

1/164 

i6‘0 

1 

14-0 

1 
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Statement No. 8 Bgggw* 

Showing the specific gravity of juices at 1$-^ C. with caleulatea 
per cent, total sugar and per cent, total sugar found — concld. 


*^AMPk.BI. 

1 

. _ _ 1 


s 1 

“•si 

*5 u 
oss- 

ii 

m Q 

Difference;. 

Varieties at Dumraon Farm— contd. 

1 

1 

r 

1 




Bhurli, castor cake • • . . ! 

Plot 1 

1, 067 

165 

14*8 

3*0 

Do. cattle-dung , . . . 

1 

*i 

1.074 1 

18 

16-3 

>7 

Red Bancha\, castor-cake . • • 

ft 

1,066 ! 

16 

I4'3 

I 7 

Do. cattle-dung • 

»» 

1,067 

165 

I5'a 

>•3 

Samsara, castor -cake • 

t} 

1,067 

16-5 

>37 

a-8 

Do. cattle-dung . , , 

M 

«.t>74 

18*0 

i6'i 

>•9 

Khan, castor-cake • . , . 

ft 

1,059 

«4-5 

11*6 

29 

Do. cattle-dung . . . , 


»,073 

180 

157 

2'3 

Poona, ca.stor-cake , . . , 

ft 

1.063 

1 «5‘5 

136 

>’9 

Do. cattle-dung .... 

tf 

1,062 

1 

1 

1 150 

1 

>37 

>•3 

Varieties at Burdvan, 






Kajli (ryots) 

• 

1,081 

>9 5 

186 

•9 

Samsara (r)ots) . . , , 

ff 

1,078 

1 190 

>7> 

>■9 

Do, (farm) . . . . 

• 

»-075 

180 

i6'i 

1-9 

Khan ffarm) > . . . . 

• 

1,078 

i9‘o 

I7‘6 

>•4 

Varieties at Behea. 






Pansabi (Behea) , . . . 

• 

1.071 

170 

150 

2'0 

Mungo (Behea) . . . . 

9 

1 ,081 

*95 

i8’l 

*'4 
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It will be seen from this column that, although the “ difference 
figure ” is not by any means constant, yet it lies between moderately 
narrow limits. 

Of the 76 samples analysed it is less than 1*7 in ii cases, between 
17 and 2*2 in 40 cases, between 2*2 and 27 in 17 cases, between 
27 and 3‘a in 7 cases and over 3’2 per cent. In one case. Thus in 
40 cases out of 76, the difference figure lay between 17 and 2’2, and 
in 17 other cases it lay between 2‘2 and 27. If, therefore, 2*0 be 
deducted from the percentage of sugar as calculated from the density, 
the error would lie between comparatively narrow limits, and a very 
fairly accurate idea would be obtained of the amount of sugar present 
in the juice of any variety to be examined. Based on these considera* 
tions I give, as an appendix to this Note, tables from which first the 
observed density may be reduced to density at 60* F. and 84® F., and 
secondly the approximate percentage of total sugar which correspond 
to the specific gravity of juices. 

10. ((/) The amount of Cane Sugar and Glucose in Bab.—. 
In The Agn'cullw'al Ledger No. ig of i 8 g 6 is given the composition 
of a number of samples of gur or gul. Some further analyses of this 
material were made this year ; but this was done principally in con- 
nection with experiments in liming juice, and these will be referred 
to in the next paragraph. Another description of raw sugar is 
prepared in some localities, for instance, Bchea and Burdwan. This 
' consists of a semi-liquid mass obtained by stopping the boiling pro- 
cess a little sooner than is the case when hard gur is wanted. It is 
transferred from the boiling pan, whilst still hot, to an earthen ghurra 
or Hand, and in this it is allowed to cool slowly, when a considerable 
proportion of the cane-sugar crystallises out. At Burdwan this 
substance goes by the name of gur, but at Behea it is called rab. 

The analyses of this material, which are quoted in the accom- 
panying Statement No. 9, are interesting chiefly as showing its com- 
pOMlion. and may be compared with analyses of hard gur published 
in my previous paper. In addiuon, four other samples of are 
detailed in Statement No, 12. For these " rabs " which were prepared 
at the Burdwan Farm, the analyses of the juice are also given. 
There is considerable variation in the composition of these samples, 
not only in the total amount of sugar but also in the proportion of 
glucose. 
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“ Invertlon" 
durlntt boil- 
ing and effect 
of liming’ 


II. (c) The amount of ‘Hnverelon’^ during the boUing 
process and the effect of liming, — ^The experiments which were 
made last year to determine to what extent the formation of glucose 
could be prevented by the addition of Ume to the juice showed that 
“ inversion ” could be stopped almost completely, but that in order to 
add the most desirable amount of lime, considerable care was re- 
quired. Thus in Agricullura! Ltdger No. igof i8g6, p. 12 , Statement 
No. 9, it was shown that if about nine-tenths of the acidity in the 
juice was neutralised, very little inversion took place, but that some 
“inversion” took place if one-fourth of the acidity was left. 
Still, even then, an advanta,ge was apparent. On the other hand, 
however, if all the acidity of the juice was neutralised and a slight 
excess of lime employed, the resulting gur became black. Although 
there is no difficulty in testing for acidity in the juice w'ith litmus 
paper, provided a little care is bestowed upon the operation, still it 
was felt that if the process could be simplified in any way it would 
be an advantage. 

The first experiments which I made this year at Cawnpur had 
the object of simplifying as far as possible the use of litmus paper. A 
few words may be said in reference to how this “ indicator" is used. 
As is well-known litmus is a vegetable matter, the colour of which 
becomes red in the presence of acids and blue in the presence of 
alkalis. 

‘ In last year's experiments lime was added to a certain portion of 
the juice until that portion became exactly neutral that is, neither 
acid nor alkaline. For the novice this point of neutrality is, how- 
ever, a somewhat difficult one to hit off exactly : it is generally 
easier to detect if a liquid is acid or alkaline than if exactly neutral, 
and it was to avoid the necessity of arriving at this neutral point, 
that the first experiments were made. It will now be understood 
that supposing lime be added to juice until it is in excess, that is, 
QBtU the juice becomes alkaline, this can be readily detected, for 
red litmus psper will be changed to blue. Then, however, sufficient 
juice most be added to render this ever-limed portion distinctly acid 
again. Consequently it waa considered that if so large a portion u 
nioe tenihs of the juice were limed in this manner, i.e., with an excess 
of lime, the remaining ooe4enih would not be sufficient to prevent 
the resnhing gw becombg dark coloured. 
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In the experiments at Cawnpur two-thirds of the juice was treated 
with lime until slightly alkaline, and then the remaining one-third of 
the juice added to it so as to render it acid. In this way somewhat 
more than two-thirds of the acids in the juice became neutralised. 

Moreover, in order to put the process on a practical footing, the 
liming was performed by the students of the Agricultural School. 

The results of the experiments are detailed in Statement No. lo. 
In all cases some advantage is shown to have been gained from the 
application of the lime in the above described manner, though the 
advantage is not so great as it was in some of last year’s experiments. 
In the first three cases, however, the amount of “inversion” which 
occurred without lime was not great, and the effect of liming is some- 
what masked. In the other three cases the proportion of glucose 
in the juice was already very high ; in one of these “ inversion ” 
was almost stopped, but in the other two it was considerable. 

12. About this time I determined to try to do without litmus paper 
altogether. I had noticed that the many varieties of sugar-cane 
juice which I had examined, all contained a colouring matter which 
was affected by alkalis, and it was clear that if this colouring matter 
could be utilised as an indicator, instead of litmus, an advantage 


would be gained, in that nothing but the lime would be required. 
The colour of fresh cane juice varies and is not in any case easily 
, defined, but it is always more or less greenish-brown. This colour is, 
however, almost entirely due to insoluble matters and chlorophyl, 
and the juice itself is almost colourless. The froth which 
forms when it is stirred rapidly is nearly white. If, however, an 
excess of an alkali, such as hme, be added, the juice becomes yellow- 
coloured, a colour which would be much more easily seen if it were 
not for the presence of the insoluble^ matters named ; the froth of 
alkaline juice is very yellow. When, however, this yellow colour 
becomes apfiarent, it will be found that a considerable excess of lime 
has been employed and that tire juice is strongly alkaline. On this 
acconnt it was deemed advisable to add lime to only half the 
juice until it became yellow ard then to add the other half of the 
Juice to render it all acid again. 

Sutement No. n exbibiu the resulu of two experimenu made 
at Dumraon in this vty in which ordinary solid ^ was prepared. 
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Showing the effect of neutralising Sugar-cane yuice with 
Lime [Dumraon Farm). 


Vahiitt Of Cani. 

Poona.'* 

" Khari.'* 

Manure. 

Cattor cake. 

Ca8tor.cake. 

Juice — 



Cane-sugar . 

12*77 

lO'QO 

Glucose • 

•8i 

•71 

Total 

»3‘58 

1 

ii'6i 

Ratio; Total Sugar to 



Glucose . , 

596 

6-11 


Gur — 

Cane-su£|^ar . , 

Glucose , , 

Total 

Ratio ; 'I otal Sugar to 
Glucose . , . I 


XBNTS 

wtth 

SUOAB-CABS* 

Dumraon* 


Not 

Half 

Not 

Half 

Umcd. 

llnitd • 

limed. 

limed,* 

7V3'’ 

74 30 

70-25 

7341 

8 36 

7 74 

659 

6 24 

8172 

82 04 

76-84 

79'f5 

10 23 

9 43 

GO 

6a 

7‘83 


Statement No. i2. 
Composition of Rah made at Behea, 


Cane-sugar , , 

Glucose . 


matter . 
Water, etc. 


Glucuoe 


Total 


I Imcd Rab 
No, I, 

Limed Mdb 
Nu, 3, 

Limed Bab 
No. 3. 

Ordlnarr Eab 
No. 4. 

71-69 

2 22 

‘‘3 

•20 

71-30 

256 

•»4 

•28 

68-g8 

453 

•«5 

•35 

74-90 

4-84 

*23 

•04 

176 

34*00 

‘ 1 

1-46 

24-26 

370 

22'2g 

1-97 

18 02 

J 100*00 I 

lOO'OO 

100 00 

lOOOO 

' i 

1 3^0 j 

34 

6'i 

6-1 • 
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Statement No. 13. 

Composition of the Turbine Su^ar from the Rab. 





Turbine 
Sugar No. i. 

Turbine 
Sugar No. a 

Turbine 
Sugar No 3 

Turbine 
Sugar No, 4, 

Cane-sugar 

• 

. 

95-10 

94 02 

95‘»2 

9031 

Glucose , • 

a 


•77 

1-04 

ro 6 

1*94 

Insoluble mineral matter 


29 

'3S 

•17 

•24 

Lime 

• 

• 

17 

26 

•>7 

12 

Other soluble 
matter . 

mineral 

• • 

•40 

63 

•64 

' '75 

Water « • 

• 

• 

40 

76 

77 

2 78 

Other impurities 

« 

• 

2 S7 

1 

2 QI 

1 97 

3*86 

Total 


• 

100 00 

1 00 00 

100 00 

100 oo 

Ratio : 1 otal S 
Glucose 

igar 

to 

& 

1 

ro 

I 1 

2 1 


Statement No. 14. 


ComposiltOH of the Syrup and Molasses from the four 
Samples of Rab. 



Svfop 

No i 

Sv-np 

No • 

Srrup 

No 3 

Sjrrup 

No 4 

Cane-sugar 

46 00 

57 3 » 

4740 

1 

51 3 » 

Glucose • • • . 

4 '►3 

439 

5 5 t j 

1 639 

Insoluble mineral matter 

26 

*u 

•14 

1 22 

Lime 

40 

is 

1 1 


Other (uluble mineral 
matter .... 

1 

2 01 

1 

1 

, 

1 

1 

1 

Water, etc . • . 

47 n 

'596 

1 

4459 

t 

t 39*55 

Total 


hHt l»0 

U)C *00 

100 00 

Ratio t Total Sugar to 
Olthsoae . « • 

80 i 

6*9 

To. 1 

11 0 
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Composition of the Gur made from the four Syrups. 


BXPEIII* 

KENTS 

with 

SUGAK-CANB. 



No. 1, 

No. a. 

No. 3 . 

No, 4 . 

Cane-sugar • . . 

78-55 

8 1 '04 

70-57 

66-43 

Glucose .... 

.S’ 3 i 

59 « 

9-31 

8-97 

Insoluble mineral matter , 

•26 

•77 

•58 

.32 

Lime . . . , 

•37 

•39 

•31 

•28 

Other soluble mineral I 
matter . , , 

1 

3-02 

2-84 

373 

3-28 

Water, etc. . . 

1249 

9-05 

• 5 ‘ 5 o 

2073 

Total 

loo’oo 

1 

loo 00 

1 00 ’00 

100*00 

Ratio: Total Sugar to 

— ■■ 1 




Glucose . , 

6-4 

6-8 

ir6 

1 1-9 


Here again there is evidence that liming was useful, but the 
amount of “ inversion ” in the unliraed gur was only small. At Behea 
also, three lots of juice were partly neutralised with lime in the man* 
ner above described, and the rab, the turbine sugar, sjrup, and tbe^vr 
from the syrup, all analysed. Nos. 1, s, and 3 in the accompanying 
Statements is to 15 are from the limed juice, whilst No. 4 is from 
onlimed juice. The effect of lime is apparent in Nos. 1 and s right 
through the series and also in the turbine sugar No. 3, and gur 
No. 3, but the rah No. 4 is probably better than most. 
(Compare analyses in Statement No. 9.) It is possible that liming 
might be carried somewhat further than was the case in the eiperi* 
meuts quoted. The degree to which the process might safelj go, 
that is the proportion of juice which might be safely rendered jreltow 
with lime, had to be guessed at. I think it likely that two-thirdf tif 
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the juice might be rendered yellow by lime safely without affecting 
the colour of the resulting sugar. 

13. ^ Hamlcentri/ttffeU-made sugar.^in paragraph 9 of 
Agricultural Ledger No. ig of i 8 g 6 the object of the Hand- 
centrifugal Sugar Separator, which Messrs. Thomson and Mylne 
have been gradually introducing, was briefly explained. Whilst on 
tour this year I embraced an opportunity which offered itself of deter- 
mining how much of the semi-refined sugar, which there goes by 
the name “ Turbine sugar ” and “ Kachha Chini ”, is obtainable from 
the rai as generally made by cultivators, and the following gives the 
result : — 

Experiment 225 seers oirab gave ii seers of turbine sugar 
or 48‘8 per cent. 

Experiment a . — 26 seers of rah gave 13^ seers of turbine sugar 
or 5 1 ‘9 per cent. 

Thus, judging by the results of these two tests, it may be assumed 
that about half the weight of the rni will be obtained as turbine sugar. 

I made some further enquiries as to the relative values of the 
several materials. 

The prices which were current at the time of my visit were : tur- 
bine sugar, R 5 - 4 - 0 ; gur from molasses, Ra-i 3-0, and ordinary gur 
from whole juice R3-4-0, per maund. 

'Thus, assuming that rab yields 50 per cent, of turbine sugar and 
the rest is boiled down to gur, there would be obtained from one 
maund of Rab so seers of turbine sugar worth R2-10-0, and about 
14 Beers of gur, worth Ri-o-o, or a total of R3-100 instead of 
R3-4-0 for ordinary gur. 

The amount of this turbine sugar which is made annually must 
be very considerable new, and the value miy be guaged in lakhs of 
rupees. It is sent as far as Peshawar and is largely used in sweet- 
mest-making in addition to the requirements of the sugar refiners. 

There is also a larger market for the gur prepared from the 
molataes than I had previously understood. Judging by the analyses 
quoted in Statement Ko. 15. it is quite as good as very mneb of the 
gur comnonly prepared from the whole jnice. The chemical 
compoaitkn of the sexeial proilucu, rat, tnrbine sugar, molatiea 
and gur, have been alrx-ady dealt with in the previoos paragraph. 
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To FIND THE PERCENTAGE OP SUGAR FROM THE DENSITY OF THE 

JUICE. 


Explanation of the use of the tables. — A few words in explanation 
may be of ser\ice to those who are not accustomed to use the hydro- 
meter. 

In the first place it will be well to explain that there are several de- 
scriptions of hydrometers made, all of which, howev^er, are essentially the 
same in principle, and the accompanying diagram represents a very 
common shape. Occasionally they are made of 
brass, but more frequently of glass. The instru- 
ment may be’divided into three parts : A, a small 
bulb, containing some heavy material such as 
mercury or shot ; B, a larger bulb containing 
nothing hut air, and C, the stem in which is fixed 
a scale of figures by which the density of liquids 
is registered. The hydrometer floats upright 
in liquids, so that the bulb A is downwards 
and the instrument comes to rest with a part of 
the stem C above the surface. The degree on 
the scale which coincides with the surface of the 
liquid corresponds to its density. Thus in a 
dense liquid the hydrometer will not rink so far 
as It will in a lighter liquid. In using these 
hydrometers the cane-juice or other liquid to be 
tested is poured into a glass cylinder and the 
hydrometer then put into it. There is consider- 
able diflcrcncc between the density of such light 
liquids as ether and alcohol and heavy ones 
such as oil of vitriol. On this account it has 
been found convenient to make hydrometers for 
liquids of only a certain range of density. Thust 
for instance, a series of specific gravity hydrometers might be the follow* 
ing : 600-S00, 800-1,000, 1,000-1,300. 1,200-1,400, 1400-1,600, l,6oo«i,8oo, 
i,Soo-3,ooa Twaddell’s hydrometers range as follows t— 

No. i,o®-34®, No. 3, 34*.48*, N0.3, 48^-74®, No. 4. 74^-102®, No. 5, 
io3*-i38®, No. 6, ij8®-I7o®. Thus for sugar juices one would require 
the tpeafic gravity hydrometer reading between t,ooo*i,200 orTwad- 
deirs No. 1. 

There arc several descriptions of hydrometers made, but only two will 
be here referred to, namely, the specific gravity hydrometer and Twad* 
dell’s hydrometer. The former is commonly used for scientific work, the 
latter for technical purpoees. I find that Twaddcirs hydrometers are 
by the larger firms of apothecaries m India, and they are thus 
readSy available. 

a. 6x44. 



On th. aw 
^ of tb. 
hydromatop. 


33 


The Agricultural 


SACCHARUM, Chemical Composition of 


JkPPEKDlX. 

On the use 
of the 

hydrometer* 


It will be clear that the scale in the hydrometer stem is purely arbi- 
trary, and as a matter of fact the two instruments here described have 
essentially different scales. The specific gravity hydrometer registers 
the specific gravity of liquids, that is, the relative weights of equal volumes 
of different liquids. Thus, for example, i,ooo on its scale is the specific 
gravity of water and i,o8o might be the specific gravity of some sample 
of sugar-cane juice ; this would mean that if we weighed, say, a quart of 
water and a quart of the juice, we should find that the weights were in 
this proportion of i,ooo to 1,080. 

T Waddell’s hydrometer does not register this directly. Water is 
registered by it as o, and then for heavier liquids the scale ascends. 
Nevertheless, this scale bears a simple relation to the true specific 
gravity and is expressed by the following equation: degrees Twaddell 


for example, specific gravity 1,075= or 15® 
Twaddell ; and specific gravity 1,060 x^.addell. 

It is necessary now to say a word in explanation a^ to why the tempera- 
ture of the liquid should be recorded as well as its density. Suppose a cylin- 
der of juice be taken, and the hydrometer floated in it, at, say, a tempera- 
ture of 65® F. and the density be found to be 12*^ Tw-. (assuming the instru- 
ment has been standardised or compared with water at 60 ^ F.). If the jai 
of juice with the hydrometer be then placed in a can of w arm water, so that 
the juice will gradually be warmed, it will be noticed that the h>drometer 
sinks lower as the temperature of the juice rises, that is to say, the liquid 
becomes or less dense. In the case quoted, the juice shows a 
density of 12° Tw. at 65^ F. If the temperature rose to, say, 84° 
F., it would be found that the hydrometer had sunk to iij" Tw. 
Or we may suppose we had put the hydrometei into some juice early in 
the morning in the cold weather of Upper India, wc might have observed 
this density of And then later m the day as it grew hot the 

same juice might have registered only 11 Tw., a change due simply 
to the juice becoming warmer. 

A word may now be said in explanation of the difference between 
hydromalers standardised at different temperatures. The density of 
water on Tw. scale is o\ But nianifestly the temperature has some- 
thing to say to this point For examplq, if wc put into the jar of 
water a Twaddell's hydrometer which has been standardised at 6o* F.» 
and fuppoeing the temperature of the water is just about 60** F., we shall 
find the hy’drometer sinks to o'’ 1 w. Now warm the water until 
the thermometer show^ that iU temperature is about 84® F., and 
it will be seen that the water has become Ughin. just as the juice did in 
the above-quoted example, and that the hydrometer has sunk bdow to 
about below. 

Now Uke tkb hydrometer out and put into the water at 84^ F., the 
^ Twaddeli*! hydrometar which has boen Mndardiaed at 84* F. It will be 
lound U> register o* Tw, Cool the water itgein or put aome of the 
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cold water at 6o° F., in the jar, and it will be seen that thej^ydro* 
meter has risen a little out of the cooler water, that is, the water 
has become heavier again and the hydrometer registers about + ¥ 
Tw. 

It is hoped that the foregoing will explain the difference between 
hydrometers, why it is necessary to note the temperature of the liquid as 
well as the density, and what the difference is between hydrometers 
standardised at one or another temperature. Usually hydrometers are 
standardised at 6o^ F., in England, but I find that some of those imported 
for use in India are standardised at 84° F. 

The use of the tables will now be readily explained by a few 
examples. Supposing in the first place we have a specific gravity hydro* 
meter which has been standardised at 60° F., and that when it is put into 
a jar of juice, it registers 1,059, temperature of the juice is 

7a® F. We have, in the hrst place, to find from Table i what the 
density of the liquid would be at 60° F. Looking along the line of 
“observed temperature Fahrenheit" we find under 73* the figure “+3" 
entered as “ the amount to be added to the observed specific gravity,'* 
consequently 2 is added to 1,059: 1.061 is the specific gravity of the 
liquid at 60* F. Now refer to Table 4 and under specific gravity i,o6l we 
find 12} as the corresponding percentage of sugar. 

ExampU i.— Supposing we have a Twaddell’s hydrometer No. i which 
has been standardised at 60° F. and when placed in a jar of juice it indu 
cates a density of 13’ Tw. at temperature 55® F. On reference to 
Table a we find that for any temperature between 49® and 55* F. i® 
T w. must be tubtraet$d from the density in order to find the dens* 
it\ at 60° F., because the juice at 55® F. is denser than it would be 
at 60® F. The density of this juice would therefore be 13J® Tw, at 
tw® F. On reference to Table 4 we find that i3|* Tw. corresponds 
to i3i per cent, of sugar and 13® Tw. to 14 per cent, sugar. The 
juice in question, therefore, contains between 13^ and 14 per cent, 
sugar or, say, 13! per cent which is as near the truth as we can get by 
this method. 


Appnmix. 

Oa^ 

hjidNnetetir 


E%ampl$ j.— Taking the same hydrometer for another sample of juke 
pressed may be in the hot part of the day or the afternoon. We find that 
It registers i6* Tw.,— the temperature being 86* F. From Table swe 
find that for teinperatures between 80" and 87® F., we must add f* to 
the reading of this hydrometer in order to find the correct density at F, 
The density of this juice wQl therefore be idf Tw. at 6o* F. From 
Ti^ 4 we find that Uie percentage of sivar for a deneky of id|* Tv 
•5 18, and for a density of if Tw. it is i8|. A density of i(S|* Tw‘ 
will, therefore, correspond to about 18^ per cent si^ar. 

ExvmpU will suppose that we have a TwaddalFs bydiooMlw 

Na t which has been standardked at fid® P. Wehase iotliieeaaatookl 
TaMe 3 to coma its raiding. A ara^k of juke is found to bm * 
a density of 14® Tw. and the Mtuperature 75* F, On — — Ip 
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Table 3 we find that for any temperature between 72° and 79® F., we must 
deduct from the hydrometer reading in order to find the density at 
84° F. Thus the density of this juice will be 13}® Tw., and from Table 
4 we find that this density corresponds to 14} per cent, of sugar. 

Example 5. — Another example may be given for using this hydro- 
meter. A sample of juice is found to have a density of 10° Tw. at 
66° F. On reference to Table 3 we find that for temperatures between 64* 
and 71® F., we must deduct i®, thus the density at 84° F. would be pj" 
Tw„ and from Table 4 we find that pj® I'w. corresponds to pf per cent, 
sugar. 

Table I. 

To reduce observed specific gravity to specific gravity at 
Centigrade or 60° Fahrenheit. 


ObAerred Temperature 
Ceottgrade 


U°-I7°. 


aa- 35 . 


39 * 31 , 

33*34 

Obitrved Temperature 
tahrenhett. | 

1 

57°-63*. 

64 * 71 . 

7J-78 

70-83 

84 8g 

I 

00 93. 

Amount to be added 
to or substracted 
from observed speci- 
fic gravity 

— 1 

0 

+i 

1 

+ 2 

+3 

+4 

1 


Table II. 


To reduce observed density on Tvoaddell's Hydrometer to 
density at 60° Fahrenheit. 


QbMTved Temperature Fahrenheit 

49 -S 5 

5 S *«3 

64*71 

1 

71*79. 

80*87. 88 oS 

Amount to be added to or 
•ubtracied from density on 
Tuaddeli's Hydrometer . 

1 

1 

i 

‘ 0 

1 

+ i 

+ 4 

+l +i 


Table 111. 


To reduce observed density on TwaddelFs Hydrometer to 
density at Fahrenheit. 


0>iw»i< TcMsmiwf {'•hwiiUK. ' «*>U. 


Amount to be added to or 
wbtracxod from obamred 
density on Twaddeil’s , 
HydrvnMter . . * 
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Table IV. 


APTEVDIX 


To find percentage of total Sugar from Specific gravity or 
density on TiaaddelVs Hydrometer. 


On tlwiiia 
of tha 

tay^metoiv 


Spccihc graMt 

1040-41. 

1043-43 

1044*4«. 

1047-48. 

1049-51 

1051-53. 

1*54-5#. 

Degrees Twaddell 

8 

H 

9 

9i 

10 

loj 

11 

Per cent. Sugar . 

,1 

8i 

9 

9i 

loi 

11 

' 

Hi 

Specific gravity. 

1037-5*5- 

I05(j ftl 

io3a-fl3. 

1004 60. 

lo67-e8. 

1069-71, 

1071.74. 

Degrees Twaddell 

iii 

12 

I2i 

13 

1 

i3t 

u 

»4i 

Per cent Sugar . 

12 1 

_l 

I2i 


1 

1 

' r4 

Hi 

15 

iSi 

SpcciAt cranty« 

io75-;d 

1077-79 

loSo-Si. 

io8a-84 

|io85.80 

1 1087-89. 


Degrees Tuaddell 

>5 

i5i 

.6 

16 J 

' >7 

i7i 

• •• 

Per cent Sugar . 

i6 


I7J 

18 

i8i 

19 

• aa 
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MANIHOT UTILISSIMA; also M. PALMATA. 
(CASSAVA, TAPIOCA, MANIOC.) 

{Dictionary of Economic Products, Vol. V., M. 316—30.] 


The tapioca PUNT 

CONSIDERED as an ALTERNATIVE FOOD-STUFF in SEASONS or 
SCARCITY and FAMINE. 


Correspondence between Mr. E. Halliday Qunninq, M.D., HON. LL.D., and 
Mr. Robert Thomson and Her Majesty's Secretary of State for India and 
the Government of India. A Note on Tapioca Cultivation in Travanom, 
by Mr, a. M. Sawyer, {reprinted from ' The Indian Forester/ Vol. XXI., 
pp. 290—298.) Introductory remarks by The EDITOR. 


1^0 papers reproduced in the following pages on the subject of 
Manioc or Manihot (Tapioca plant) are of special interest at the 
present time. 

Daring the writer’s recent tour through Dinajpnr, Rangpur, Bogr*, 
and Jalpaiguri Districu of North Bengal, as also Kammp, Nowgong, 
and Sibsagar Districts of Assam, he devoted some attention to the 
studj of the T^iioca plant. He found it being cultivated under the 
name of timla-alu or timul-alu (that is to say, the potato from 
the plant that resembles Bombax malabaricum). 

In Assam it is not, strictly speaking, cultivated, but is used as a 
hedge plant, the roots being dug up and eaten as required. 

In the districts of Bengal mentioned above there is a more or less 
*»gnlar cultivation. The plant is propagated by stem-cuttings. 
”ben the aop is harvested in October the stems are collected and 
■tored in the shade. In Bfay or June, as soon as the rains begin, 
ue cut up into lengths of nine to twelve inches, and planted 
out two yurds apart. They each give 3 to 4 seers of tubers in 
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Yield. 


Travanoore. 

Oon/.ppp. IS 

ueq. 

Recom- 
mended as a 
hedge plant 
and altepna- 
tlve food- 
stuff. 


October to November. The yield per acre is therefore very large 
and the crop gives very little trouble. 

It may be added in this connection that in Travancore it is largely 
grown and tapioca is said to be made from it as a regular article of 
trade. 

Its use as a hedge plant— the roots to be resorted to during periods 
of distress— seems worthy of consideration, especially for Chutia 
Nagpur and the districts of the Central Provinces that often suffer 
from scarcity of food-supply. A more extended effort to cultivate 
the plant would appear, however, to be undesirable, since in most parts 
of India the people are averse to eating Tapioca.— 


Despatch from Her Majesty^s Secretary of State for India, to the Government 
of India, No, la [Revenue), dated the 21st January iSgy. 


Conf, p, Ih 


1 forward herewith, for the information of your Excellency's Govern- 
ment, a copy of correspondence with Mr. R. Halliday Gunning, M.D., 
Honorary LL.D., on the subject of the introduction into India of the 
Manioc or Mandioca (Tapioca plants) of South America as an alternative 
food-crop in times of prolonged drought and famine. Both the Bitter 
and the Sweet Cassava plants are well known throughout India, and the 
Bitter Cassava is cultivated for food in Assam. It might be found 
advantageous to extend its cultivation, and that of the Sweet Cassava, to 
other parts of the Indian Empire, as a reserve resource in times of appre- 
hended famine. 


Dated !-ondon, the 36th December 1896. 

From— R. H. Gunning, Esq., M.D., Hon. LL.D., 

To— The Secretary of Slate for India. 

Impresaed, when residing in BraxU. by the gigantic mortality and 
expense resulting from famines in India, and then believing, as 1 still believe, 
that the planting of Manioc (called in Brazil Mandioca) would be an 
effective means of preventing or mitigating ssch famines, 1 brought the 
subject before the late Sir George Buckley Mathew, Her Majesty^s 
Minister at Rio de Janeiro, and my ideas being highly approved by him 
and other Foreign Minlstert and by the lo6d press, 1 was advised to 
write to the late Lord Derby, who was then (in 1874) Minister for Foreign 
Aflairsi and Hb Lordship sent my letter to the India Office, then held by 
Lord lailshtiry. I think my scheme was understood as a wish to introduce 
Manioc as a aabstituie for nee, whereas my object was only to introduce it 
as an alternative food, or precaution against (amine in times of protoi^ed 
drought Somehow the sobjea was allowed to drop, but the present 
vWution of (amine being to serious (see cottings enclosed from ionlay't 
TVmx), and other famines beii^ likely to recur, I have thought h my 
duty to draw public attention to K and in this view I asked the advice 
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and help of my kind friend Lord Lome, as you will see by ihe enclosed 
correspondence. 1 am blind and in indifferent health, and in my 79th 
year, but I should like very much if your Lordship will study the subject, 
as 1 feel convinced that the introduction of this God-ordained food for 
drought and famine into many parts of India out of communication with 
railways would save millions of pounds and millions of lives. Llvingstonoi 
calls it “the staff of life” in Africa, and it is a universal food in Brazil, 
Chili, Peru, and Central America, in all of which countries we never hear 
of famines, though there are often very long droughts, and there is no 
reason that I know of why it should not be planted in every locality in 
India where needed. 

My scheme can be of no use for the present famine, but the plant could 
be introduced by millions in a few years. In the first year the roots can 
be availed of for food, and the stems and branches (each plant giving fully 
100 slips) can be handed on to fresh planters, so that within a few years 
all the countries most needing it could be supplied. The expense of 
getting branches from some parts of India, Africa, or Brazil would only 
be the expense of the carriage, as the branches are only used as firewood 
when the food-roots are taken away. The Manioc 1 am speaking of now 
is not the poisonous but the sweet kind,— the Manihot utilmima, — and I 
shall be happy to have some boxes of cuttings from the best varieties in 
Brazil sent to the British Consul at Rio de Janeiro for transport to India, 

1 sent some specimens to theRo>al Botanical Society, and I could show 
the root and plant to anyone your Lordship might appoint to investigate 
the matter, I am leaving town for 1 orquay on January 9th, but till that 
date I shall be happy to wait on jour Lordship, or anyone you may 
appoint, to make further explanations 

Dated Palmeiras, Brazil, the 13th September 1874. • 

P'rom — R. H. Gunning, Esq., M.A., M.D , etc , ^ 

To— The Right Honourable the Earl of Derby, D.C.L., Hci 
Britannic Majesty’s Secretary of State for Foreign Affairs, 
Foreign Office, London. 

The severity of the famine in India has been alleviated as only a 
wealthy, energetic, and Christian nation like England could do, but at 
what a sacrifice of wealth and energy to England, and with what 
misery of mind and body to millions of her subjects in India. 
Besides plans of irrigation, and facility of supply from other localities bj 
railroads and canals, what other auxiliaries arc there ? One occuea to 
the writer, and, deeming it of great importance, he feels it a duty to bring 
H under your Lordship’s notice. He does it the more easily that your 
Lordship's interest in the progress and wellbeing of India is well known 
and, not leas, your Lordship’s wide information and sound judgment as a 
phOo^kical and practical statesmaa Thus interested in our Eastern 
Empire, and thus mentally qualified, my ideas and argument will beo 
better appreciated. 
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The principal food in India being rice, and rice depending on rains, 
what when these rains fail ? My idea, my suggestion is, for every planter 
or landholder to have at hand the Cassava or Mandioca plants the root 
of which is of the same nature as rice, as delicious as the potato, and 
keeps fresh underground for years, indifferent to great changes of heat or 
cold. It is a universal article of food in Brazil, being used from north 
to south, and east to west, in the whole Empire. Tirhoot is in latitude 
north what Santa Catherina (a great field for Cassava) is south, but 
Mandioca conforms to a great diversity of climate, season, and soil. 
It is easily got, planted, cultivated, and gives an immense return— six 
times greater than wheat, according to some! It can be grown easily, 
seeing it is a large branchy arbuscle, and the numerous knots or leaf- 
marks on the branches are each a new plant. In cutting the branches to 
plant, the slips are made about three inches long, and include two or three 
of these knots, and yet each plant will give from, say, twenty to sixty separ- 
ate slips, and therefore as many new plants. Once started with a good 
number of plants, the roots of which can be availed of in eight to twelve 
months, few years would be required to distribute it over whole territories 
the first holders merely keeping a few branches to replant and handing 
over the rest to neighbours ; for unless to plant, they are of little value 
except as firewood. Then it carries easily, as being succulent the branches 
will keep alive two or three months with little care. It has been intro- 
duced into the West Indies and Africa— why not into India, in these 
times of fleet steamships and direct routes 7 Boxes of plants could be 
sent from Brazil, or perhaps Mandioca may be had in Portuguese India, 
the Cape of Good Hope, or somewhere nearer than Brazil. The planting 
is very simple, and may be done in any soil, but a soft or sandy soil suits 
best, the tuberous root developing more easily when there is little bind in 
ihe^il. Once the surface of the ground is cleaned by abroad hoe, slight 
notches two or three inches deep are to be made a yard or two apart, and 
the cutting laid in and lightly covered. If the soil is deep or sandy, it 
may be raised into little heaps or ridges, and the slips then placed in the 
same way. The planting can be done during the whole year, but the 
best lime is when the cold season is ended, when the leaves have fallen 
and when It is quite ripe. Soon the pretty five-partite leaves show 
above ground, and all the further cultivation needed is to weed 
or hoe round it (pulling the earth against' the plant) twice or thrice 
during nine months* when the plant will have flowered and the roots 
will be ready to eat. But they arc larger and more mealy when 
twelve months old, and keep growing for two years longer. There 
are two vtneiies or species of Mandioca, one with a sweet root 
(MaiWidt aipD. the other bittef^ Maalhot) and poisonoiis 

from cotiUiidng prusric acid tn Hs juice. But with this juice pressed out 
or dlsslpatttl by heat. It is Innocuous. To common obeemBon they seem 

* Now Menibol utittmims. - E4. 
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alike, but it is easy to see the difference on looking closer. In the poison* 
ous kind the leaves and summits of the branches are darker, and the 
roots have a purple hue under the cuticle which is wanting in the sweet 
kind. But the easy test is to taste the broken root. One is sweet like 
almonds, the other bitter and repulsive. Better only to introduce the 
sweet at first, in view of its being used quickly and extensively as the pota- 
to. Afterwards, and where mills can be erected, ihe bitter kind couH also 
be cultivated. It is said the bitter >ields more than the sweet, but I have 
not observed it so 1 know no reason for growing the bitter, except for 
better repelling attacks of insects, cattle, etc. Both grow well here, but the 
bitter is safer against appropriation by bad neighbours or their cattle. 
Kach plant gives from three to six long thick roots, w'elghing conjointly from 
half a stone upwards, and covered with a brown coarse skin. This thick 
skin being peeled off, the rest can be boiled entire, or if large, it can be cut 
up like the potato or it can be coasted in the ashes. It is nice and deli- 
cate prepared in any of these wa)s and in Brazil is relished by rich and 
poor even more than nee In any case, if not always a luxury, every one 
would find it so in times of starvation. Enough at first to have it propa- 
gated among the poor, to be ready in seasons precarious to rice. A small 
garden or spot of ground will grow enough for a family. Surplus branches 
are always abundant, and they will grow in any ground, Women or 
children can easily attend to the plants, and the roots need no storage, as 
they keep fresh and even increase in the ground. I should think that all 
would be glad to have Mandioca, not only as a preventive of famine, but 
as a variety or change from rice. Rice and Mandioca are the same in 
composition. Both have a large preponderance of amylaceous matter 
and little gluten or flesh -forming element, but for this reason they suit 
the climate and habits and render the body less liable to diarrhoea, dysen- 
tery, etc. The great object, 1 repeat, should be to have it spread rapidly 
over different districts, as a good root to be used as potato, but afterwards 
us other uses may be availed of. 

The peeled root is grated on a common grater, by a handwheel, or by 
one driven by machinery, into a soft pulp, and this, after the water is 
pressed out, heated in copper pans, is the farina of universal use. From 
this can be made tapioca, and a nice starch known here as polvilho '' 
and in England as Brazilian arrowroot. The dry farina is used alone or 
with many dishes. The raiionali is, it necessitates and stimulates saliva 
and thus assists digestion. Made into a paste with boiling water, it is 
used with fish, or fried in little cakes. It keeps in bags for a long time 
without souring, and so can be carried from one district to another in the 
usual way of commerce. The juice of the bitter kind is made in the West 
Indies Into the famous and much-prized Casarcep or ** Cassinpc,** and 
fermented k gives s vinous spirit. 

In fine, the ides is not to substitute the cultivation of rice and the habits 
of the people, but that they should have a variety of the same kind of ^ 
food as rice, and one fitted to endure in dronghts when cereals fail. 
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The Qilina plant has been acclimatised and successfully introduced 
into India for a long time. A few years ago I had the honour to send 
plants of Ipecacuanha to Sir Robert Christison and Professor Balfour of 
Edinburgh University, to have it propagated in India, for the treatment 
of dysentery, as the supply from Brazil was getting precarious. Both 
have a wide application and significance in a country where intermittents 
and dysentery abound, but much more significant and much more bene- 
ficial and economical will be the wide introduction of Mandioca, seeing 
that millions of human beings and millions of pounds sterling are involved 
in the misery of a famine. 

If my suggestion is useful, and if I can be of any use in carrying it 
out, my services are at your Lordship’s orders, and 1 shall be highly 
rewarded if it should tend to prevent, or even to alleviate, the misery of 
future famines. 


Since writing the above, my attention has been drawn to references to 
Mandioca in Livinffsiom s Travels. In the 17th and 21st chapters he 
alludes to it in terms which confirm my ideas, and are fitted to encourage 
your Lordship’s attention to the subject. He speaks of it as having 
been introduced by Portuguese missionaries and traders. In chapter 17 
he says; ** Every valley has gardens of Mandioca, which here is looked 
upon IS the staff of life. Very httlc labour is required for its cultivation/* 
etc. He is speaking of the bitter kind badly prepared. In chapter 21 — 
they subsist chiefly on the Manioc, raw, roasted, or boiled. It bears 
drought well, never shrivelling like other plants when deprived of rain, 
never eaten by weevils, and so little labour is required for its cultivation 
that it is commonly sold in A"ngola for one penny for ten pounds.** 


Dated Foreign Office, London, the 14th October 1874, 

From— T. V. Lister, 

To-R. H, Gunrino, Esq , M.D. 

i am directed by the Earl of Derby to acknowledge the receipt of 
your letter of the 13th ultimo, recommending the introduction of the 
Manioc tree into India, and I am in reply to inform you that His Lordship 
hu referred your communication to the Secretary of State for India. 


Dated Foreign OBke, London, the i8th November 1S74. 

From— Loro Trmterobn, 

To— R. H. Gunriho, Baq., M.D. 

The Earl o( Derby Hai communicated to the Secretary of State for 
India in Council your letter which was forwarded to this office by Her 
Majeot/s Minitter at Rio de Janeiro, containing a proposal relative to the 
Introduciiofi o( the Manioc tree into India as ao additioiial source of food- 
supply & and 1 ain now dirtcied by His Lordship to capress to yon lbs 
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thanks of the Marquis of Salisbury for your suggestions on this point 
and for your interesting account of the cultivation of the tree in question, 

I am at the same time to state to you that the Jaa^ha ManfiiOt* 
is already largely cultivated in India, and it would not therefore, in the 
opinion of the Indian Government, be necessary to import plants from 
Braiil in the event of the cultivation of Cassava being largely extended. 


Dated 12, Addison Cresent, Kensington, London W., the 21st December 

i8g6. 

From— R. H. Gunning, Esq., M.D., 

To— Lord Lornb. 

1 hope you will excuse me for trying to enlist your help and sympathy 
with my scheme for the prevention of famines in India, 1 feel confident 
that it onlv requires to be known to be adopted by the Indian Government. 
I wonder that it was not adopted when I suggested it now twenty-two 
years ago. and I can only explain its non-adoption by believing that my 
idea was not well understood. You will see, by reading the first para- 
graph of Lord Derby’s second letter (18th November 1874) that I was 
understood to propose ** the introduction of the Mandioca plant into 
India as an additional source of food-supply,” but that was not my whole 
meaning. 1 meant it only as an alternative food, which could be used 
instead of rice during long droughts, and therefore as naturally fitted to 
prevent famine. This is the point which has been overlooked and should 
therefore now be attended to. In the third last paragraph of my 
letter to Lord Derby on the subject of Mandioca, what I said runs thus : 
“The idea is not to substitute the cultivation of rice and the habits of the 
people, but that they should have a variety of the same kind of food as 
nee, and one fitted to endure in droughts when cereals fail." This 
recommendation is as forcible now as it was then, and I do not believe it 
possible to gainsay the soundness of the advice, though somehow it has 
not been earned out. 

Having influenced the Brazilian Government to serve Her Majesty's 
Minister in the question of the great mortality of British immigrants, as 
you will see by the enclosed letter, we became fast friends, and it was at 
his in^nce that I was induced to write to the then Foreign Minister, the 
late Lord Derby, and, having done so, I left the question alone, and it 
has lain dormant till now that a great famine is again attracting public 
attention and demands fresh consideration. The many railways made 
nnee then, the great extension of wells and irrigation, and the large 
employment of hundreds of thousands on public works, will mitigate much 
suffering and mortality, but there will still remain a great deal not over- 
taken by such means, but which could be met by Mandioca, My plan 
cannot serve the p r es e nt famine, but should be introduced to serve 
against future droughts. 

a y$dU Ng«s OS page 4. 


M. 216—30. 



8 


The Agricultural 


HavihoT 

utUiaaima* 


The Tapioca Plant considered as an alternative 


It occurs to me that the subject of my paper might be brought before 
the Secretary of State for India^ who could bring his best advisers to 
discuss the pros and cons with me, Or it could be discussed in the 
Imperial Institute before a select audience of experts connected with India 
and Africa, who could hear and say all that is necessary for the acceptance 
or rejection of the scheme. Though old and blind and in indifferent 
health, I will try to meet any who know the subject, and give them all 
the information in my power* Men like Stanley, Selous, Bishop Tucker, 
and others, who know much of Africa, could assist and bear testimony to 
the thesis that Manioc is God’s natural provision against droughts and 
famine, and is the surest means of saving people when drought destroys 
rice and other kinds of food. In short, you have position, and talent, and 
patriotism to take this great national question under your asgis, and I 
appeal to you to do so in the interests of your Indian Empire. 

If you could arrange a meeting of experts, I think I could take a 
Mandloca plant with its roots to show better what I mean. At least I 
believe there are some of my plants in the Royal Botanic Gardens. I 
have to leave London on January gth, and would take it as a great kind- 
ness if you could see me on the subject after reading the accompanying 
papers. 

With much respect and all good Christmas wishes. 


Dated Osborne, the 33rd December 1896. 

From— Lord Lornb, 

To— R. H. <iuii»iNO, Esq., M.D, 

I 1 ic matter of the cultivation of the Manioc would be a very good 
subject for a paper to be read for you at the Imperial Institute. I shall 
not be able to attend any meeting in London before January qih, the 
date you mention as that of your departure for the south. 1 am sure 
that any suggestion addressed by you to Sir F. Abel at the Imperial 
InatHute with regard to the reading of a paper to be contributed by you 
would receive respectful attenuon. 

Ijord George Hamilton would also give you information up to date 
with regard to the cultivation in India of the Hanioc. 

Wishing you a very happy Christmas 


Dated Rm> de Janeiro, the 9th November 1873. 

From— Sir CaoROB Bvcrlit Mathbw, 

To— R. H Cumiiiio, Esq., M.D., Palmeiras. 

I am inatnicted by Bari Granville to convey to you the special thaeke 
.ol Her Majesty's Government for the great kindness you have shown 
* towards the BniWt immigrints to Brawl. 
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Permit me in fulfilling this pleasing duty to add my sincere acknow- 
ledgments for the great trouble you have taken in behalf of these ill-used 
and indigent people. 

No. 444, dated 8th March 1875. 

From— The Secretary to the Government of the North-Western 
Provinces, 

To— The Secretary to the Government of India, Department of 
Revenue, Agriculture, and Commerce. 

In reply to your letter No. 1386, dated the 30th December last, I am 
directed to submit, for the information of His Excellency the Governor 
• No. d.t.d the itth General in Council, a report* by the Superui- 
FebrMry Uit, tendent of the Botanical Gardens, Saharanpur, 

on the cultivation of the Tapioca or Manioc tree in India, 


No. 356, dated i8th February 1875. j 

From — The Superintendent, Botanical Gardens, North-Western 
Provinces, Saharanpur, 

To — The Secretary to the Government of the North-Western 
Provinces. 

I have the honour to acknowlege the receipt of your docket No 120 A., 
dated the i6th ultimo, with enclosures, regarding the cultivation of the 
Tapioca or Manioc bearing tree, and recommending its introduction into 
India as a food-afTordinjr stuff in times of scarcity or famine. Nowhere 
in the North-Western Provinces has the Tapioca plant Jaaipha Uanlhot 
or Madbot atiliasima been cultivated for its Tapioca or Cassava which is 
known under the names of Mandioca Farenha or Farine de Manioc, and 
both of which are prepared from the Janipha roots of which there are two 
varieties, the bitter and the sweet The tapioca is prepared by rough 
scrapers which grind the tubers to powdery the starch is then washed out 
of the pulp and dried upon hot plates and kept stirred by iron rods, which 
break up the pasty mass, and give, in drying, the very irregular rocky 
appearance peculiar to tapioca. In making Cassava the starch is not 
washed from the pulp, but the pulp is dried upon hot mcul plates, and 
afterwards roughly powdered. This rough powder, according to its fine- 
ness, is designated by the names above given. Tapioca used to be eaten* 
lively grown at Alipore, Calcutu, by Messrs. Speeds, where now the 
arrowroot produced is of high repute. That the cultivation of the 
Janipha is still continued I am not aware. Into the Bombay Presidency 
the Tapioca plant has been introduced in many localities. What kindfs 
have been introduced— the sweet or the bitter Cassava— ii not mentioned, 
bat ptobably both. The bitter is poisonous, but the poisonous principle 
is easily dissipated by washing the grated powder or by beat But in the^ 
Dekkan the siie of the root is not such as to compete with the PMaCo 
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or Sweet Potato. In Eastern Africa it is cultivated very largely, and in 
the Island of Zanzibar or the west coast in Congo and Guinea, it is 
also abundantly cultivated. From Brazil it has also been introduced into 
the Mauritius, Madagascar, and Ceylon. It also now grows abundantly 
in most of the West India islands. For the North-Western Provinces the 
plant is not adapted, as it is liable to be injured by frost. I have already 
pointed out that it has been extensively cultivated in the neighbourhood 
of Calcutta, and is well known in the Madras* and Bombay Presidencies. 
If, therefore, it be deemed necessary to try its cultivation on a large and 
useful scale, there will be no difficulty in procuring plants, and it ought to 
be carried out in the Bengal, Madras, or Bombay Presidency. 

The observations of Dr. Gunning regarding its introduction into India 
are interesting. But the above remarks show that the Cassava or 
Mandioc yielding plant (Maoihot ntilissima) is already well know n, and its 
cultivation not carried on on an extensive scale because it does not pay. 
That it will grow in dr>» places is worthy of attention and experiment 
as the root in times of scarcity might be usefully employed as food by the 
poorer classes. 

No. 14 G., dated 4th March 1875. 

From— The Superintendent, Royal Botanical Garden, Seebpur, 
Calcutta. 

To— The Assistant Secretary to the Government of Bengal. 

I have the honour to acknowledge receipt of your endorsement No. 69, 
Financial Department, Agriculture, dated 7th January, giving cover to 
certain original papers (herewith returned enclosed) concerning the culti- 
vation of the Manioc or Manihot plant in India. 

In reply, 1 have the honour to state that on enquiry I find that the 
plant is not grown in the North-Western Provinces, Oudh, Punjab, or 
Central Provinces, except occasionally m a cariosity in gardens. In 
Bengal gardens it is more frequently met with, and still more frequently so 
in Burma. 

3 . It has in no part of Continental India been much appreciated by 
natives. The natural acridity of the part used, prior to manipulation, is 
much against )u introduaion as a staple food^ The plant is, moreover, 
one which requires a good supply of water, and would fail as a food-crop 
in seasons when rice also (aUs from that cauae. It could not, therefore, 
bo trusted to as a substitute for rics. 

Should It be wbhed to encourage the cultivation of Manioc in Upper 
India, I bdierve it would be unnecessary to import supplies of plants from 
South America, as enough amid be collected in India to fonn a diatribu- 
lion nursery. 

. s AMimH Mat* Mid*, Vol* l« p. 4SS t Pweka, Mat. Mad., Vbl. 11 » Pt 1 , p* 
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Despatch f rom fftr Maj'esiy*s Secritary of Slate for India, to the Govern, 
went of India^—No, 64 (Revenue^ daUd the 22nd April 1897. 

In continuation of my despatch No. 12 (Revenue) of the ?ist January 
last, relating to the introduction of the Manihot (Tapioca or Cassava) 
plants of South America into India, I herewith forward, for your Excel- 

« c o lency’s information, a copy of a letter* on the same 
• Dated isth January i8o7. .. . , 

subject received from Mr. Robert Thomson 01 Lan 
Cayetano, near Bogota, jn the Republic of Columbia. 
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Dated Lan Cayetano, the 25th January 1897. 

From— Robert Thomson, Esq., 

To — The Right Honourable the Secretary of State for India. 

I have the honour to submit, for your Lordship's information, the follow- 
ing remarks relative to an important food-yielding plant cultivated in this 
country, it having occurred to me that the cultivation of thii plant on a 
large scale in India would, in all probability, mitigate the calamitous 
effects of famine. 

This plant, Maoihot utillialma, is cultivated extensively in South Ame- 
rican countries. It is also generally dispersed throughout the West 
India islands. In Jamaica and other islands two or three varieties of 
this plant are cultivated to a limited extent for the production of starch 
and farina from the tubers. One of these varieties cultivated in the 
West Indies is noxious. In Jamaica the plant is called cassava, in 
Colombia yuca, in Braxil manihot or mandioc. 

In reference to this plant the Ceylon Directory for 1891-92, says: — 

The check put by the Ceylon Government on the wasteful system of 
‘chena’ cultivation— the sowing of grain on burnt-off forest land— has 
induced a good many of the Sinhalese to turn their attention to thccuItU 
vation of cassava, an article which might be made as widely useful for 
feeding human beings and cattle in Ceylon as it is in Brazil. , , Cas- 

sava It one of the principal articles of food in tropical America, the equi- 
valent of the pouio in temperate regions. It was probably introduced 
into Ceylon by the Portuguese, but never much cultivated till of recent 
years. . . , Bennett in his ' Ceylon and Its Capabilities ' takes credit 
for being the first, about 1820, to intr^uce • the sweet cassava ' or mandioc 
into Ceylon, which he considers the root most fitted to be a substkute for 
rice, but he complains that very little was done by the natives to cultivate 

it generally, although so easily accompibhed, and the produce so nutri- 
tious. ” 

It is tM quite clear whether the tuber itself b consumed as an article 
of food in Ceylon, or whether, as ia Jamaica, it b employed esclueivek 
for the extraction of farina and starch* Anyhow it would appear th at tbe^ 
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peculiar merit of this plant bespeaks for it an important position among 
the cultural products of India. This merit, presumably, is not known in 
the East, and it is not adequately appreciated in Columbia nor through- 
out South America. 

In Columbia, as well as in other South American countries, the large 
tubers are extensively consumed as an article of food. In this country, 
too, it is noteworthy that some twenty varieties are known in cultivation, 
some growing in rich soil and some in exhausted or impoverished soil. 
As an article of food the tubers of several varieties are highly esteemed, 
commonly esteemed, when quite fresh, in preference to potatoes, which, 
it may be mentioned, are largely cultivated on the uplands. To these 
advantages, and they are considerable, another may be added, that is, 
in Columbia manihot or yuca grows from the level of the sea up to 
full 6,000 feet. Hence it may be cultivated over a considerable range 
of latitude. But its peculiar, and most commendable, merit consists in its 
capacity to flourish in regions not only where prolonged droughts are 
experienced, but also in comparatively desert regions. Hence it w'ould be 
a precious adjunct to rice cultivation. 

In a recent article in The Timet of London relative to the impending 
famine reference is made to a document issued by the Bengal Department 
of Land Records and Agriculture, which shows that during last June the 
rainfall, on which the starting of the winter rice crop depends, was abun- 
dant in certain districts of Bengal and deficient in others. “Throughout 
July, August and the first fortnight of September the rainfall was insuffi- 
cient for the requirements of the winter rice crop in most parts of Bengal." 

Touching manihot or vuca I may here observe that its constitutional 
flexibility enables it to withstand conditions of drought incomparably less 
favourable than those indicated (or rice. Furthermore, I may state that 
there is no other important food-plant capable of thriving side by side 
with manihot in districts defaced by disastrous droughts. Thus, where 
all surrounding >^gclalion is scorched by tropical drought, where cattle 
and other animals, roaming o\era wide expanse, are reduced to dreadful 
straits and perishing, this plant maintains its irrepressible vigour. 

In this connection it is interesting to note that an important rubber- 
yielding tree, introduced to India bv Sir Glemcnts R. Markham the 
Ceara rubber of commerce, Mauiliet GlaaiovU, is a species of this food- 
yielding plant As is well known this rubber tree luxuriates in decidedly 
arid regions. 

Manihot or yuca is propagated with remarkable facility : small pieces 
d the stem are act in the ground, thus to form the planutkm. It attains 
a heighi o( from three to five feet. On the hot plains crops are secured 
in eight moitlha ; on the uplands from 4/>oo to 6,000 feci, in from ten to 
^ twelve monftha The entire crop is not obtaiiwd at a singte digging, 
and this is an advantage where nevert droughts are experienced, but 
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intermittently as the tubers arrive at maturity j thus the cropping season 
is spread over several months. The market price of tubers in Columbia 
when abundant, is, in English money*vaiue, half-a-crown per quintal. 
Doubtless the tubers could be produced in India for one-third of this sum. 
The labour required to produce this article stands at a minimuiH. Potatoes 
here cost three times more than manihot tubers. Under very favourable 
circumstances one arroba (25 lb.) is obtained from a single plant. But 
allowing an average ol five pounds per plant ten tons per acre would 
result— they are planted a yard apart. 

In a report of mine presented to both Houses of Parliament twenty 
years ago, “ the Products of Jamaica at the Philadelphia International 
E.\hibition, 1876,” in reference to farina or “ meal ” from manihot (cas- 
sava), 1 stated that the plant grows best in dry localities, and that under 
high cultivation twenty tons of tubers were obtainable per acre. 

In conclusion, it may be mentioned that there is some ground for 
believing that when this plant acquires importance in India as an adjunct 
to rke, the following passage from a recent issue of The Times on the 
subject of famine in India shall be no longer valid But if the rain 
wilt not fall the land cannot be cultivated and agricultural labour of every 
sort ceases. Then comes the sudden outburst of despair, when, as in 
1866, hundreds of thousands of men and women and starving children 
fly from their homes in the vague hope of relief elsewhere. In India a 
population on the drift is a population doomed.” 


TAPIOCA CULTIVATION in TRAVANCORE. 

Note by Mr. A. M. SAWYER, reprinted from ‘ The Indian Forester, ’ 
Yol XXL, pages 290—296, 

Introduced by the Portuguese in their early settlement at Goa, about 
the commencement of the sixteenth century, the Bitter Cassava or 
Manioc, familiarly known as the Tapioca, |has been cultivated on the 
West Coast ever since. But nowhere, perhaps, on that undulating, palm- 
fringed seaboard has it thriven so well as within the flowery dominions of 
Hi* Highness the MahaMiJah of Travancore, where the soil and climate 
are variable and ^uable enough to suit it as well as many another 
tropical South American species like itself. With an abundant rainfall, a 
gorgeous ai^ invigorating sunshine, and a perennial dew, evergreen 
specks, indigenous and introduced, many and varied, live and thrive. 
Under these conditions, that a hardy Euphorbia like the Tapioca, in- 
different to soil and unmindful of all but extremes of climate, should, when 
brought under the mde cultivation of the Malayali peasantry, cover 
extensive areas of both hill and dale, must pass without exception. 

Towards the middle of October or the beginning of November, when 
the north-east monsoon is usoally at its height, suitable area% often 
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several acres in extent, are selected for cultivation. The soil being then 
soft, moist, and easily worked, is either then deeply hoed or ploughed over, 
and the surface laid out in mounds or platforms each from two to three 
feet square, and about a foot high. Sometimes circular or rectangular 
patches, a yard in diameter, are prepared. The platforms and patches 
are, in some localities, dressed with ashes, leaves, or cattle-droppings, 
but they are, especially in free, loamy soils, usually let alone. A sufficient 
number of stems for stocking the area are selected from the previous 
year's growth, which is either still standing or but recently removed. 
Each stem is cut up into several little bits varying from six to eight inches 
in length, care being taken to, in so doing, secure for the plantation only 
the lower and more mature portions of the stems. Should there be too 
much rain, the cuttings are kept under cover until a favourable break in 
the weather occurs ; for, if put out in water-gorged soil, they are liable to 
decay. It is also for this reason that the Malayali selects a well-drained 
locality— usually a hill-side. But if it be only showery weather and the 
area well drained, the cuttings are put into the beds directly they are 
prepared. A bed or patch is considered fully stocked if it hold two or 
three cuttings which are put down each at a slant of about 6o degrees, 
and buried in the soil for nearly two thirds of their length. Varying 
from ten days to a fortnight of their being put out, the cuttings strike 
root, and the young shoots come up vigorously in light-green tufts of 
pretty palmate leaves. It is interesting to note that the earliest leaves 
are usually small, and either three or five lobed, but these are soon 
supplanted by larger and sevcn-lobed ones arranged on the stems in a 
close, alternate phylloUxis. While the leaves are emerging in all direc- 
tions over Ihe gradually elongating, wand-like stem, the numerous 
roots, white and thread-like, radiate from its base into the cultivated area 
arobnd. In a month or two after the cuttings are put out, the lateral 
development ol their roots begins, and in another eight or ten months 
they will, in average soil and under ordinary cuWvations, have sufficiently 
developed to be dug up for use. But, as a rule, the roots are allowed 
to remain in the soil for two months more, in order that the cultivator 
may, by falling In with the ensuing wet season, secure for the future 
crop the best resutu. The rotation of the crops is thus maintained 
in an uninterrupted annual cycle fixed by the mneoon rains. But should 
the rains be Ute and the market favourable, the Tapioca is dug up as soon 
ai it matures^ and, as this would be towards the end of the hot season, the 
new plantation is started at once, but copiously watered once every three 
or' tear days uvRH the rains are (airly oiu U is said that, so far from 
InlefiiHfif with the aonnal growth and desdopoient of the Tapioca, this 
hot-woalhte cuMvation yiekis good enough results to quite repay the 
extra bdbMr it anUilt. Indeed, the scardly of water towards the dose of 
the hot weather akme pntwanU the practice being more largely adopted. 
' Again, a pecaliar race of the Tapioca, which is cultivated hen, yields two 
crops in Ihe year t the first of Ihm isi at the end of six months, harvested 
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in March, one of the hottest months of the year. As the stems cannot be 
kept for any length of time without drying, the plantation of the ensuing 
season is started forthwith, the cuttings being watered until the April 
showers begin, after which the young plants are left to thcmselvest The 
hot weather, though short, is sometimes, and especially of late, very 
oppressive ; but the plants rarely fail, except in extremely stony or sandy 
soils, and it is the experience of the Malayali that the roots produced by 
these hot*weather plants are more wholesome and delicious than those 
yielded by the previous cool-weather ones. 

The yield of Tapioca varies with the soil, the amount of care bestowed 
on its cultivation, the nature and quantity of the manure used, the rainfall, 
and the particular race or variety cultivated. Although it grows on 
almost any soil— from stony laterite through gravel to sand and even 
clay— it thrives best on a well-drained, soft, sandy loam, with an admix- 
ture of humus. Stony soil interferes with both quantity and kind, gravel 
tends to contort the roots often to such a degree as to unfavourably 
influence their appearance and market value, while clayey soils, always 
cold, prevent their developing to normal dimensions. Again, the larger 
the quantity of manure used, the better the yield and the more farinaceous 
the roots. Ashes or ashes and leaves give the best results, while cow- 
dung or other cattle droppings frequently only injuriously affect the 
quality, though they improve the quantity, of the roots of the more 
nauseous varieties. 

A well-grown healthy root is generally about two feet long, three inches 
in diameter, and between six and eight pounds in weight. It is generally 
a little thicker at the attached end, and tapers gradually to a more or less 
fine point at the free end. The usual colour of the thin outer skin of the 
root is a pale brown, a stout, tough, white sheath of inner skin closely 
investing the delicate substance of the root itself. On breaking across it, 
this brittle substance, turgescent with milky farina, is seen to intimately 
adhere to and lie around a compact vein of dense fibrous tissue that 
runs through the centre of the root for its entire length. This vein is 
probably the original thread-like fibre around which the farinaceous 
substance is subsequently developed. The root contains the greatest 
quantity of fannaceems material in from ten to fifteen months after the 
cuttings are put out, but if allowed to remain in the soil after that time, it 
soon grows woody, and ere long deteriorates into a soft, spongy mass, the 
tough fibrous core at the centre being replaced by a narrow canal contain- 
ing pulpy decaying fluid of grey cellular miater. It is also interesting 
Cl^ under ordinary condhions, the Tapioca root seldom bifurcates or 
divides tn any way, and that even root-fibres arc few and far between ; 
•o that absorption of the requisite substances fiom the soil ukes place 
chisiy through the epiibeliafn of the root itself. 

The cuhjvation of the Tapioca by the hiil-mcn of Travancore is even 
mder than that pursued by their more enlightened br et hr en of the lew 
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country. Every year, towards the close of the hot season, extensive 
patches of forest are cut down and burnt \ and, as soon as the monsoon 
rains have descended, different kinds of paddy, ragi^ maize and Indian- 
corn, chilies, dal, and other seeds and cereals, are sown broadcast and hoed 
into the soil. Tapioca sticks, too, are put down here and there over the area, 
and what with the wood-ashes, the humic accumulations of years and the 
grateful showers, a motley assemblage of plants soon covers the clearing. 
Each grain is harvested as it matures, and, in due season, the Tapioca, too, 
is pulled up. Directly they are taken up, the roots are washed, peeled, and 
cut up into little irregular pieces which are strewn over mats made of the 
large Esta reed (Beesha travancorica) or, what is more usual, upon the bare 
outcrops of sheet-rock so common on the higher hills ; and the sun soon 
hardens them into the flinty white chips familiarly known as kani mara^ 
ckini (“ the hill-man’s woody potato ’*). As a rule, the hill-men cultivate just 
enough grain and Tapioca to meet their requirements for six months of the 
year, precariously subsisting for the remaining months on wild yams, bulbs 
and roots. The more forward among them, however, who shrink less from 
their cultured congeners of the low country, frequently barter some of their 
produce in exchange for salt, knives, cloths, and other necessaries and 
luxuries of life. When this is done it is that their excellent Tapioca finds 
Its way to us. This hill-tapioca is much prized by the poorer inhabitants 
of the outlying towns and villages, because it is believed that the varieties 
cultivated by the hill-men are generally harmless, and that, for the rest, 
any nauseous or bitter principle that may remain is efficiently removed by 
the thorough drying which the roots undergo. 

The various processes adopted for removing the poisonous principle of 
the root, which is now admitted to be some form of hydrocyanic acid, 
are Interesting. Certain varieties, which under the name of the Avians or 
Boilables are considered harmless, are eaten plain, or made into curry 
after a single boiling. They are also frequently roasted and eaten with 
fish curry. The more poisonous kinds are boiled several times, the water 
being strained off after each boiling. When this process is adopted, the 
root, after each boiling, is tested ; should it taste sweet, it is boiled again, 
and this is repeated until the peculiar sweetish flavour disappears. An 
extremely nauseous variety known as the ** White Tapioca ” has to be 
boiled at least seven times before it becomes fit for food 1 Again, the 
roots of certain other varieties are cut up transversely into thin circular or 
oval alices, which are dried and then boiled. Frequently the slices are 
boiled several tines and then dried ; but when so consumly boiled, the 
Tapiocs* on coming to be cooked, is tough and insipid to the taste and 
oartlinly lees nourishing. Should the bitter kinds be insufficiently boiled 
bifoie they me BSed, vioient vomiting, attended with severe pain over 
the region of the throat and nomach, ensues, the victim grows drowsy, 
and general proicreiioo and collapee soon follow. The same symptoms 
' nre prod u ced by drinking the water in which the roots are boiled. When 
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eaten with sugar, jaggery, or molasses, the nausea is very pronounced, 
and the comatose condition sets in sooner ; on the other hand, cocoanut 
cocoa nut-oil, curds and tamarind juice act as vigorous and grateful 
antidotes, while a solution of assafoetida in water is given to goats and 
other cattle that are frequently poisoned by eating the leaves of the 
more nauseous varieties. 



Under the local names of .\farachin% (Woody Potato) or Kappa 
Kelangu (Ship Potato), about seventeen commonly recognised varieties 
of the Tapioca are cultivated in Travancore. Rut these are evidently 
only races descended from a few distinct varieties and differentiated 
through long and peculiar forms of cultivation, not to speak of the power- 
ful influences of soil and climate. These races, proportionate to the 
bitter principle they contain, may be conveniently brought under one or 
other of two heads— the Avians or Boilables and the Maravans or dark 
races. For purposes of studv, the following classification has accord- 
ing!) been found useful i — 

I —The Avhins or easily hoilahh kinds, characterised by little bitter 
principle — 

(fl) Pacha Avian (green boilable) -Leaf-stalks pink along their 
upper i*urfaces, but green beneath and at their origin with the 
blade and insertion at fho stem ; stems 2 inches in diameter, 
light green; average height 12 feet ; flowers rare; roots pale 
red, large ; average weight islbs. each ; mature after one year. 

(b) Cheeme Avtan (Potato boilable). — Leaf-stalks and stems pale 
yellow; stems delicate, usual height 5 feet ; flowers after one 
year ; roots white, and, like the Ipomea BataUa (Sweet Potato) 
mature in six months after the cuttings are put out ; they start 
in delicate strands from the base of the stem, and develop a 
few inches beyond it ; average weight lolbs. each. This is 
also called Vcllary Avian (While boilable) 

(tf) Chovalay Avtan (Red boilable). --Leaf -stalks and stems light 
red ; flowers common; roots small, light red, firmly attached 
to the stems ; mature in one yesr ; average weight lolbs. each, 

(d) Curry Avian (the Curry boilable).— Leaf-sUlks and stems pale 

pink ; delicate plants ; usual height 4 feet ; flowers common ; 
roots light red, large; average weight i albs, each ; mature 
after one ytar ; mealy and wholesome. 

(e) Chini Avian (the Cow-dong Mlabte ).— So called from the manure 

Qioany used ia its cultivation, Uaf-stalks pale but red at 
eittmaiUes ; stems red, usual height 6 feet ; roots few, substance 
of root arranged in two sones^the outer firm and farinaceoas* 
the inner soft, pulpy, and unlit for food \ avenge weight 81bf> 
cadi. ^ 
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if) Chenhmban (the Red-stemmed).— A variety resembling the 
Cheenee Avian, but ^\ith the leaf-stalks and stems a bright 
scarlet. 

(g) Neduvengauden (the Neduvengaud Tapioca).— So called from the 
district of that name in Travancore where it was first culti- 
vated. Small race ; leaf-stalks and stems pale pink ; roots 
small but numerous; average weight 4lbs. each, 

lL-~~The Maravans, or dark races, like the particular dark-skinned 
class of thieves of that name in the TinnevelU District. These are all 
more or less nauseous 

(а) Olley Karim Afaravan (the Dark Maravan) — Leaf-stalks deep 

red ; stems dark green with purple streaks below the attach- 
ment of the leaf-stalks on the stem ; plants delicate, flowers 
rare ; roots mature in one year, few, deep brown, slightly 
nauseous ; they are very lightl> attached to the stem ; average 
weight lolbs. each. 

(б) Nedvudli-Kian Karim Maravan (a race whose roots take as firm 

possession of soil as the tenacious claws of the Neduvalior 
Iguana lizard;. — A much-branched race with stem and leaf-stalk 
like Olle) Karim Maravan; flowers common ; roots few, woody, 
and have to be boiled twice before the bitter principle is 
removed. 

(c) Ana Maravan ithe Giant Maravan).— Leaf-stalks and stems like 
those of (a) in colour, but the stems arc tall, thick, and 
strong, being usually about 20 feet high ; flowers rare ; roots 
very large, average weight from 20 to 25 lbs. each, and take 
15 months to mature; very nauseous, requiring to be boiled 
^ three times. 

{d) Katkelay (Kath-elay, >.e., bitter-leaved). — Leaf-stalks 

like those of (a) ; stems pa'e yellow streaked with red ; flower 
common ; roots small but numerous. The race was at one 
time largely cultivated, but it is now' rare ; nauseous like (r). 

(#) Koota Maravan (the Dwarf Maravan).— Dwarfed, much-branched 
race, usually 2 or 2} feet high; Icaf-slalks and sterna like 
Ihoac of Kathelay Marachini i roots lightly attached to the 
stem ; very nauseoui. 

(/) Sllavum Kafga (Areca-like Potato). — Tall race like the Ana 
Maravan ; atems and Icaf-stalkt dark red ; roots thin and 
numerous, often 35 to the stem ; flowers rare; very nauseous. 

(f) Apttnakkum (the Castor -oil planl-likc Potato). Dw'arfed, 

muck-branched race, 4 feet high 1 Icaf-siaiks rod ; stems green- 
Wi-ash-coloiired ; rooU few, at most four, small ; slightly 
ntuaeout. 

(M VilUy JfaracAiiM (the White Tapioca). -Leaf-stalks and etema 
pate gmn,tall, delicate, much-branched ; usual bctghi 35 feel » 

M. 2x6—30. 


Ledger, 


ft 


Food-stuff ifl sessoos of Scarcity and Famine. 


utUiniiBa* 


flowers rare ; roots brown, lightly attached to the stems ; most 
poisonous, the bitter principle being eliminated only after at 
least seven successive boilings ; race growing extinct, being 
sometimes cultivated in North Travancore, 



(*’) O/arr/i.— Delicate, rare; stems small, 3 feet high, branched; 
flowers common ; roots small, few ; slightly nauseous. 

(;■) Kih Vakay (the Parrot-green Tapioca).— Stems and leaf-stalks 
bright green ; lea\es few and fai apart ; usual height 10 feet ; 
flov\ers common ; roots large, few ; average weight lalbs*; slight- 
ly nauseous. 

Of these races, the most nauseous, it will be seen, are the Vellay Mara^ 
chtnt and the Kaihclay^ both which, however, are the oldest cultivated, 
and are now becoming rare , so that long cultivation has, in their cases 
done comparati\el> little towards improving the quality of their roots. 
When left to thems>elvos, and especially under cover, all these races grow 
into tall and lank\ plants, which in time assume the nature of climbers, 
man\ of which are often thirty feet high. 

With regard to the position the Tapioca industry occupies in Travancore, 
It may be said to compare favourably with many another similar industry 
in that ccuntr) Much of it is exported, especially of late, and, judging 
from the increasingly extensive areas under it, the importance of Tapioca 
cultuation as a profitable industrial pursuit is coming to be realised 
every day The Tapioca has long since esublished itself as an important 
and excellent article of diet with the Malayaii, and the recent steady rise 
in pnee i*( rice bids fair 10 make it one of the first staple food-stuBs for him, 
if it 15 not that already. 


The following correspondence on the subject may be given 
here: — 

From E, C. Chisholm^ Esq,, Colachel, Madras, to George Wait, Esq,, 
M.B., C. I/,, CIE, Reporter on Economic Products to the Govern- 
m$nt of India, Calcutta, — dated ColacheU the 04th March iSgy, 

I will be much obliged if you wdl kindly inform me whether there arc 
any factories m India for turning out Tapioca flour such as exist in the 
Straits Settlements. If you can tell me if there is any export of the 
flour or dried roots 1 will be much obliged. 

To the above the following reply was issued by the Reporter:— 

To E, C. Chisholm, Esq^ Colachel, Madras,-^No. Jff, dated zind^syrd 

April 

In reply to your letter dated the a4th March last, I have (he honoor 
to inform you that inquiries have been instituted regarding the i 
iniormation asked (or by you on the subject of f apioca. j 

On receipt of replies yon will be communicaied with again. | 

M. 216—30. 
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As there is a large industry in Tapioca in Travancore, it would be 
better however were you to address the Madras Chamber of Commerce 
for particulars. I may also add that you will find a most instructive 
paper on Tapioca in Travancore in The Indian Forester^ Vol. XXL, 
pages 290—296. ___ 


At the same time the following letter, No. 877, dated the 23rd 
April 1897, was issued to the Secretary, Bengal Chamber of 
Commerce, Calcutta,— a letter of the same tenour, No. 878, dated 
the 23rd April 1897, being forwarded to the Secretary, Chamber 
of Commerce, Bombay 

I have the honour to enclose copy of a letter, dated the 24th March 
last, from a correspondent, on the subject of Tapioca. 

1 have to request the favour of your being so good as to furnish me 
with the desired particulars. 

Apologising for the trouble given. 




I 


The replies received were as under ; — 

From John Marshall, Esq., Secretary, Chamber of Commerce, Bombay,^ 
dated Bombay, the aqth April iSgy. 

lam directed to acknowledge the receipt of your letter No 878—151 
of the 23rd instant. 

In reply, 1 am directed to inform you that, so far as this Chamber has 
been able to ascertain, lherQ.is no export of Tapioca Flour or Roots from 
Bombay, nor can 1 learn that there are any factories for the manufacture 
of Tapioca Flour in India 

From W. Parsons, Esq,, Secretary, Bengal Chamber of Commerce , — 

No, 7^0—97, dated Calcutta, the 7th May tSgy. 

I have the honour to acknowledge receipt of >our letter No. 877—151, 
dated a3fd April 1897, enclosing copy of a letter from a correspondent on 
the subject of Tapioca, and inquiring if I can furnish )ou with the desired 
particulars. 

I have caused enquiries to be made in th^^ connection, but regret that 
I have not been able to obtain any information with regard to the sys* 
tematk cuittvaiion or manufacture ot Tapioca in India, other than what 
it cootaified in Vol. XXI. of *The Indian Forester,’ where at pages 
190—296 will be found an article on Tapioca Cultivation in Travancore.*’ 
b which, however, no particulars as to export are given. 
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Thk value of silt as a MANURE. 

A Note on $ome Expcrimentt which have been made to test the Value of Canal 
Silt. By Dr. J. W. Leather, Agricultural Chemist to the Government of India. 


E.irlj’ in 1893, at the suggestion of Sir Edward Buok, experiments 
were commented to test the manunal value of the silt which is gene- 
rally earned on to the l.ind b) canal water. 

2. h was first attempted to carry out the investigation as a field 
experiment. Fields were embanked and the canal water run on 
during the monsoon A crop was then taken in the following cold 
weather from this as also from a contiguous field to which no canal 
water was applied during the monsoon. 

The first field on which I attempted to Take the experiment waa 
one taken up, with the permission of the Superintendent of the Dun, 
by the Tahsildar. The soil was very stony and the bunds could not 
be made strong enough to withstand the pressure of the water. 
IVee attempts were made, but each time the bunds broke and 1 had 
to give up the experiment on this land 

Concurrently with thu 1 had availed myself of the offer of two 
native gentlemen, who bad some land in the Eastern and Western 
Dun, respectively, to take op plots of their land, and in these cases I 
was sucoissful. The canal water was run on rather later than I had 
wished, but still it was successfully applied. 

The experiment was made at two places, one in the Western and 
the other in the Eastern Dun. The land in the Western Dun was 
divided into two plou, A and B. Plot A bad an area of 797 square 
yards and receiveo no ranal water ; Plot B had an area of 855 square 
yards, and was treated with canal water five times during the mon* 
■ oon. Both plots were sown with oats at the rate of 8 seen per biglia 
er 74B per acre— Plot A on i$tb Oaober 1893 and Plot B on list 
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October 1893. The outturn from these plots was; Plot A 338ft» 
per acre, Plot B 3886) per acre. The land in the Eastern Dun was 
divided into three plots, A, B, and C. 



Area, 

square 

yards. 

Treatment. 

Gram, 

Ib per 
acre. 

Straw, 
ft per 
acre. 

A 





B 

00 

UC' 

0 



1,100 

C 

747 

Unsilted. 

6.35 

1.2.37 


Plot B was situated in the middle, between the other two plots. Canal 
water was applied to Plot B four times. They were all sown with 
wheat on ibth November 1893 at the rate of 8 seers per bigha or 
74B) per acre. 

Comparing the results, it will be seen that the produce of the 
“ silted ” plot in the Western Dun is somewhat larger than that of 
the plot which received no silt, but that the results obtained in the 
Eastern Dun are not concordant, the outturn of Plot B standing 
midway between that of the other two plots. The differences are, 
however, not very great in any case. 

3. The experiments arc not altogether free from certain difficulties 
in their execution, and a note ol one or two of these may be added. 

The first field taken up for the purpose of these experiments had 
to be abandoned, because the bunds would not stand the pressure of 
the water. The land was fa'riy light and stony similar to much of the 
land in the Dun, and it is just on such land that the greatest benefit 
from an application of silt would usually be experienced. It is, 
therefore, to be regretted that the bunds could not be made to with- 
stand the water-pressure. But it is also to be noted that this difficulty 
would be cqiwily experienced by the culti\’ators. If bunds are so 
weak that they cannot be fairly trusted to hold water, they only prove 
a source of risk to other crops which might be damaged by water 
flowing on to them. No doubt, too. the cost of keeping up bunds 
made of light soil would be considerable- 

ITic land on which the two experiments were eventually success- 
fully carried out was of a much stifler description, and no difficulty 
was experienced in keeping the water in the *' kisries." The amount 
of silt in two samples of the canal water was aS and 131 grains per 
gallon, respectively. 

So far as I can estimate about toft of Phosphoric acid and lolb 
of Nitrogen would be supplied per acre in the water from which the 
second ssmide was taken. Thit » not ss mock as would be taken 
out of the land by an ordinary crop of wheat, but would probably 
supply mote than half the deficiency. 
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I'he amount of plant foo<l is, therefore, not by any means con- 
siderable, and one could not in any case expect a very large increase 
of outturn from its application. 

That it has an agricultural value there can be no doubt, and this 
is exemplified in the case of rice lands, wtiich are annually treated 
with deposits of canal silt from the water used for irrigation. " On the 
other hand, there are difficulties in carrying out the experiment on 
light land, which is just the description of soil which would be 
usu.illy most benefited by an application of silt- Again, if the silt 
be supplied to heavy land, the benefit is proportionately small, and 
the increased outturn of grain could not be expected to be large. 
Consequently, it becomes doubtful if the method would show the real 
value of silt sufficiently accurately. 

4. Owing to the difficultv ot demonstrating the value of canal silt 
by means of such field experiments as the above, it was decided to 
test the question hy means of the chemical analysis of the silt in 
known quantities of water. These multiplied into the quantity of 
water applied to the land, which is regularly estimated by the Irriga- 
tion Department, give the amount of fertilising matter per acre. 

Accordingly samples of water have been regularly supplied, the 
silt weighed and the Nitrogen, Phosphoric acid and (in one series) 
the Potash determined in it. 

The following reports embody the results obtained — 

5. (Copy of a letter No. 197, dated asth September 1895, from the 
Agricultural Chemist to the Government of India, to the Executive 
Engineer, Upper Division, Eastern Jumna Canal, Saharanpur.) 

With reference to the canal water samples with which you have 
supplied me during the last year from the Upper Eastern Jumna 
Canal, 1 have now the honour to submit in the accompanying state- 
ments the results of the analysis and the ueductions which may be 
drawn therefrom. 

There are two samples for the months of June and July, respec- 
tively (1894 and 18951. In the case of that for June 1894, the sample 
was drawn after the commencement of the monsoon, whereas that 
for June 1895 was collected the rains had set in. This will 

explain the wide difference which existed between the amounts of 
silt in these two samples. The amounts of silt in the two for July 
seem to agree fairly well. 

It will also be seen that, as might have been anticipated, the 
quantity of silt decreases from the end of the rains throughout the 
hot weather. 

There was not sufficient silt in each sample for the separate deter- 
mination of Potash, Phosphoric acid and Nitrogen, but the silt of the 
different samples was collected and one complete analysis made. 
From this and the quantity of silt, together with the def^ of water 
which was used on the land, the amount of each of these several 
plant foods. Potash, Phosphoric acid and Nitrogen which are carried 
00 to the land at any season of the year, may be calculated. 

The figures now sobmiited in Statement 2 must not, however, be 
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considered as more than approximate. One analysis of silt is hardly 
enough to go upon, and for the quantity of water put on the land 
daring the different seasons of the )ear, I have had to refer to the 
Irrigation Revenue Reoort for 1893, ?.<?., the year previous to the one 
during which the samples have been calculated. But the figures in 
Statement 2 have nevertheless an approximate value, and probably 
indicate the extent to which canal silt on this particular canal is 
manurine the land. 
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Amounts of Plant Food supplied per acre* 



Kharif. 

Rabi. 

Whole 




year. 


ft per 

ft per 

ft per 


acre. 

acre. 

acre. 

Potash ...... 

154 

10*6 

546 

Phosphoric acid ..... 

42 

5‘2 

150 

Nitrogen ...... 

31 

3*8 

10*8 


The crops principally irric:atecl by this canal at the different 
seasons are rice in the kharif, wheat in the rahi, whilst sugar-cane is 
the principal crop which occupies the land all the year round. The 
amounts of the plant foods supplied in the kharif are probably suffi- 
cient for the entire rice crop ; hut during the rabi they are not suffi- 
cient the wn€at. and the deliciency is probably still greater in 
the case of the sugar-cane. 

1 have had the advantage of personally discussing these results 
with Mr. Ward Smith, and he thinks that it would be well to carry 
out a similar and at the same time more compleie set of analyses 
during the next twelve months. Since the three principal croj:)8 
irrigated are lic^, wheat and sugar-cane, the samples taken should 
have reference to the months during which the water is used for 
these three crops. 

Then, too, the amount of water supplied to these crops can, he 
thinks, be estimated more exactly than by reference to the figures in 
the Irrigation Revenue Report. 'For example, “ mean depth of water 
supplied during the kharif” has reference to the six months April- 
Septcraber, and is not the same as the depth used for rice. I need 
not enter further into this question, as you will be able to deal with it. 

As to the samples of water, I will have 8 Winchester Quarts fitted 
up in two boxes, and these I will send to you. They should all be 
filled for each sample, and in this manner I shall be able to obtain 
sufficient silt to make the necessary chemical determinations. I 
would suggest, however, that the eight bottles might with advantage 
be filled at different hours during two or even four days, so as to 
allow for odd variations in the state of water. 

The samples may be taken about once a month though, I dare 
say, an advantage would be gained if the dates for collecting Ibem 
were fixed rather according to the particolar crop which is being irri- 
gated. For example, a sample taken early in June might have refer- 
ence to the sugar-cane crop but not to the rice crop, whilst one 
taken at the end oMane would have reference to the rice but not fe , 
the stigar*cane. This is, however, also a question which you can * 
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period as illustrative of the amount of plant food supplied to the rice 
crop : — 


Date of collection of sample. 

1 

Parts of Nitrogen 
in silt per m’llion 
of water. 

Parts of Phospho- 
ric acid in silt 
per million of 
water. 

29th June 1896 

2-86 

3’36 

Sth August 1896 .... 

123 

163 

8th September i8q6 

Mean depth of water supplied per acre 

•24 

•64 

8*25 ftet .... 

1+4 

1 84 

Equivalent in Ib per acre . | 

32'0 

417 


For the sugar-cane crop. 


Date of collec- 1 

tion of sample ’ 

1 applied. 

Parts of 

1 Nitrojjen 
per million 

1 of water. 

1 

ft of 

Nitrogen 
per acre. 

Parts of 
Phosphoric 
acid per 
million of 
water. 

ft of 

Phosphoric 
acid per 
acre. 

1 

( 

31st December ]an. 6 '^ *) 

1 

*060 j 

1 

•156 

•182 

•478 

1^0 . . Feb. 0* j 

nth May 1896 April 6" \ 

j May 6 > 

•077 1 

■202 

’130 

•340 

29th June 1897 June la" 

81 h September 

3-86 

1 

750 

326 

8-54 

1897. . Sept. (/ 

1 

•34 

'3>5 

•64 

•839 

Total amount ^ 





of plant food | 
supplied . 1 

1 1 

... 

8-173 

• . • 

IOI97 


During the rabi season of 1896-97 the amount of silt was so 
small that it could not be anal}sed and may be considered ml. 

It Hill thus be seen that the amount of silt and its content of 
Nitrogen and Phosphoric acid are but very small dunng the cold 
i^’eather, and quite insufficient to replace the plant food taken from 
the soil by a crop of wheat. On the other hand, it would appear to 
be certain that the silt carried on to the land daring the monsoon 
period contains vciy' material quantities of these plant foods. They I 
are probably fullv sufficient to replenish the amounts of plant food 
which arc taken from the land by the rice crop. 


O. i. C. P. O— No 109 R. 4 A. D.— — J* N. D. 
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[ Dictionary of Economic Products, Vol. V., M. 869-77. ] 


The TINCTORIAL PROPERTIE.S of KAIPHAL BARK and an ANALYSIS 
OF THE COLOURING PRINCIPLE. 

By Professor John James Hummel end Mr. Arthur George Perkin. With an 
Introduction by Mr. David Hooper. 


INTRODUCTION. 

India is naturally rich in dyeing agents, and those of acknowledged 
value have been in use for so many years that it would seem super- 
fluous to suggest changes in the industry. The introduction of ani- 
line dyes, on account of their cheapness and case of application, 
have to some extent reduced the trade in raw and bulky colouring 
materials ; but there are still many tints obtained by the dyer in this 
country which cannot be imitated by artificial means. The indige* 
nous vegetable colours are derived from plants, which, if not wild, 
are easily cultivated, and the Native operator in outlying districts 
is quite satisfied with his crude methods of ^dyeing passed down 
through many generations. 

The attention tliai has recently been paid by experts to the different 
coloured dye-stuffs of India has resulted, for the first time, in an 
attempt to classify these articles scientifically. Mr. (now Sir Thomas) 
Wardle, of Leek, and Professor Hummel, of Leeds, have experi- 
mented with the dyes with regard to their technical properties, while 
Dr. Sohunck and Mr. A. G. Perkin have elucidated the subject by 
their analyses of the actual colouring principles found in the lair 
products. As far as the yellow dye-stuffs have been investigated by 
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Messrs. Hummel and Perkin conjointly, there are those applied 
with the aid of mordants having a similar chemical composition, while 
others which are applied direct are related in their tinctorial power 
to the constitution of their active principles. The experiments have 
enabled the authors to pass an opinion on the value of the dye-stuffs 
in European commerce and to indicate the permanent or fugitive 
nature of the colours obtained from them. 

One of the most interesting results of the enquiry has been the dis- 
covery of a bark possessing a rich yellow colouring matter, far supe- 
rior to many well-known dye-stuffs. The bark in question is derived 
from Myrica Nagi and has hitherto been collected and used for 
its medicinal properties which are described in Sanskrit works of great 
antiquity. The drug is astringent in its properties and has been 
used for tanning. The only reference to its use as a dje is very 
vague, and its properties are not known among Native traders. In 
the following paragraphs we have placed together all the available infor- 
mation on this article concluding with the exhaustive analysis recently 
made of the bark in England. 

Myrica Nagi is an evergreen, dioecious tree belonging to the 
Myricace*, a small natural order of plants placed between the Urti- 
CACKJt and the Casoarint®. It is met with in the sub-tropical Hima- 
laya from the Ravi eastward, also in the Khasia Mountains, Sylhet 
and southwards to Singapore, and is distributed in the Malay Islands, 
China and Japan. 

Some confusion has arisen from the fact that the tree has been 
variously named by botanists, but from a thorough examination of 
the genus by Sir J. D. Hooker, it has been decided that the following 

SIX names refer to one and the same species— the tree under consi- 
deration 

Myrica escuienta, Auch.^Ham. 

M. FarqubarianA, Wall.' 

M. integrifolia, R«xh. 

M. missionis. Wall. 

M. rubrai Sttb. tt Zuu. 

M. sapida, H all. 

The English name of the tree is Box Myrtle. In China it is 
called yaagma and In Japan SAihitii. Kaipkal is the name applied 
. in India both to the tree itself and to the bark or portion of the tree 

\ oBed by the Kativet. 
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The bark is collected in the HimiUya at altitudes of from 3,000 
to 6,000 feet, and is occasionally exported in large quantities to the 
plains in the North-Western Provinces and other parts of India, in 
recent years to the extent of 50 tons per annum. In Bombay it is 
worth from i to 2 rupees per niaund of 

The bark is used as a tan for ianc) leather work, and according 
(0 Mr. W. Coldstream it is used in Sirmur in the Simla District for 
dyeing a peculiar pink. It is also employed in medicine and is kept 
in stock in most of the Native drug shops in Northern India. In 
Sanskrit works the bark is described as heating, stimulant, and useful 
in diseases supposed to be caused by deranged phlegm, such as 
catarrhal fever, cough and affections of the throat. Like most 
Kastem remedies the baik is usually prescribed in the form of a 
mixture with other stimulants, alteratives and aromatics. Dr. U. C. 

Dutt speaks of the powdered bark being simply used as a snuff for 
catarrh with headache. Katphal mixed with ginger, according to 
some doctors, is the best medicine for cholera. Hindus and Maho- 
inedans use katphal in the present day as an astringent, carminative 
and tonic, and prescribe it for chronic cough, fever and piles. Mixed 
with vmeger it strengthens the gums and cures toothache. It will 
be seen ilut it is used where astringents are required, and the dose 
IS stated to be sixty grains of the powdered bark. 

The astringent properties of this bark arc not utilised in India 
only as they are recognised in Japan and America. In an article 
on a number of tanning materials used in Japan, Mr. J. Ishikawa 
{Chemical News, December 3, 1880, p. 275) gives the result of his 
analysis of shibukt bark, obtained from Myrica rubrai and shows 
that the specimens submitted to him contained from 11 to 14 per 
cent, of tannin. 

An American species of Myrica (M. asplenifolia, Z.) was' 
examined In 1894 by Mr. C. C. Manger, who found the following 
maximum proportions of tannin in the moist state leaves, 9*42 
stem, 37a ; rhizome, 5 ' 47 - In an absolutely dry state the proportions 
were as follows leaves, lO'aS ; stem, 4‘i6 ; rhizome, 6’co. 

The bark of Myrica Nagi, when collected in India from large 
treea, is about half an inch thick, extremely scabrons, pitted from 
the separation of pieces of saber, of a mottled rusty brown and 
dirty-white colour, sober warty ; substance of bark and inner sorfiKe 

M. $69-77. 


The Agricultural 


MYRICA 

Nagi. 

IHTRODDC- 

TION. 


The Tinctorial Properties of Kaiphal Bark and on 

of a dull red colour; it yields a red colour to water ; taste strongly 
astringent. Examined miscroscopically, within the suberous layer 
is seen a remarkable stratum of stony cells ; the parenchyma 
throughout is loaded with red colouring matter, and permeated with 
large laticiferous vessels, from which a gummy latex exudes when the 
bark is soaked in water. In a powdered condition it acts as an 
irritant on the mucous membrane of the nostrils. 

A sample of Kaiphal from Bombay, consisting of thick pieces of 
bark, evidently taken from old trees, contained ii per cent, of 
moisture and yielded 7 per cent, of ash. Estimated for tannin, it 
afforded 137 per cent. The lead compound of the tannic acid left 
when ignited 30 72 per cent, of oxide, a result which compared very 
closely with the amount found in the compound separated from the 
“kino,” namely, 3f88 and 30*36 per cent, in two estimations. The 
tannic acid, separated fiom the tincture by evaporation and treatment 
with water, gives a bluish-purple colour with ferric chloride, but on 
adding this reagent to a decoction of the bark, a dirty green pre- 
cipitate is formed. 

Mr. H. R. Procter, Lecturer on Leather Industries, Yorkshire 
College, Leeds, gives the following average of four separate analyses 


j of the bark of Myrica Nagfi 


Tannin matters absorbed by liide . . . 27*3 

Soluble non-tanning substances « . . 7‘9 

Fibre, and insoluble matters .... 52 3 
Moisture 125 

1000 

It will be observed that the variability in the amount of the 
tannin in these barks has a wide range. The sample examined in 
Leeds by Mr. Procter contained about double the amount of tannin 
to Utot purchased in the Bombay market. Like most of the astrin- 
gent barks the richness of the active principle may be attributed to 
the age of Uie tree or portion of the tree, branch or stem, which 
afforded the sample. 

In 1889, Dr. Dymook sent the writer for analysis a sample of 
Myrica Kino. This substance occuned in a granular condition ; it 
wu of a dork purpliab>red colour, bard and brittle when dry, and without 
any peculiar odour. It dissob*ed almost completely in boiling water, 
but a flocculent red precipitate separated when the decoction coolod. 
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A tincture made with rectified spirit was of a fine, bright red colour 
and very acid in reaction . The tannic acid gave a greenish colour with 
ferric chloride, and ^was estimated in a cold watery infusion of the 
drug with a solution of plumbic acetate. The "Kino” had the 
following composition : — 



Pure tannic acid 60 8 

Insoluble in water ....... 3'3 

Moisture . • • . . .... 9*8 

Ash io‘8 

Sugar, etc. 15-3 


lOO’O 

The large amount of carbonated ash left, on incineration, points 
to the prob.ibility of some of the tannic acid existing in combination 
with a mineral base, and this was really so. A large quantity of a 
substance readily reducing Fehling’s test, is not a usual constituent 
of a natural astringent secretion like Kino, and it was interesting to 
find that the above substance had been prepared by evaporating a 
watery decoction of the bark ; this would account for the presence 
of mineral matter and glucose in the extract. 

For several years past Professor Hummel, of Leeds, has been 
working on the Dyes and Tans of India, and recently, in conjunction 
with Mr. A. Q. Perkin, who has submitted each dye to a critical 
chemical analysis, a most \-aluable series of papers has been published 
on Indian dyeing materials. 

In a letter dated the 22nd November 1894, 8lr F. A. Abel, Bart, 
K.C.B., Secretary and Director of the Imperial Institute, communica- 
ted to Dr. Watt some of the results of these investigations, and refer- 
ring to the labours of Professor Hummel he wTote : " He also informs 
me that he has completed preliminary dyeing experiments with the 
whole of the Indian dye«stnEfs in the Museum of the Yorkshire College, 
and be sends me a list of eight which are sufficiently rich in colouring 
matter to render them worthy of examination both chemically and 
tinaorially in preference to others. He asks whether 1 can obtain for 
him within, say. a year from this time from i to 2 cwt. of three or 
four of these materials which he names in the order of their merit of 
djtf-rtufls.” 
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In the list which Sir F. Abel appended to his letter and which 
specifies the dyes arranged in the order of their tinctorial value, it is 
seen that the bark of Myrica Nagi takes the highest place. 

1. Myrica Nagi (bark). 

2. Delphinium Zalil (flowers). 

$. Carpesium abrotanoides (whole plant). 

4. Nyctanthes Arbor-tristis (flower tubes). 

5. Kaodelia Rheedii (wood). 

6. Gossypium herbaceum (flowers). 

7. Thespesia populnea (flowers). 

8. Mangifera indica (bark). 

The Reporter on Economic Products to the Government of India 
having supplied the required quantity of Kaiphal bark next year 
Messrs. Hummel and Perkin published the results of their work in 
this direction as far as they had gone. The paper was read before 
the Society of Chemical Industry, London, and printed in the Journal 
for May 31, 1895. It was sent as a contribution from the Cloth- 
w'Orkcrs’ Research Laboratory in the Dyeing Department of the 
Vorkshirc College, Leeds, and was entitled “ The Tinctorial Pro- 
perties of some Indian Dye-stuffs, Part 11 ." The following extract 
gives the conclusions the authors arrive at with regard to Myrica *. — 

“The dyeing properties of Myrica bark, although generally 
sivnilar to those of other yellow mordant dye-stuffs, differ in some 
respects from any one of them. On wool, with chromium mordant, 
it gives a deep olive-yellow, and with aluminium a dull yellow', 
similar to the corresponding colours obtained from quercitron bark, 
but much fuller ; with tin mordant, however, it gives a bright red- 
orange, re^lder in hue than that given by quercitron bark, and fuller 
even than that given by an equal percentage of Persian berries, to 
which otherwise it is very similar; with iron mordant it gives a dark 
greenish-olive like that obiaineil from quercitron bark, but again 
follcT ; it teems indeed to have a greater colouring power than all 
other natural yellow mordant dye-stuffs. 

“ On cotton with aluminium and iron mordants it dyes colours 
which are more similar to those obuined from old fustic than from 
quercitron bark, the colours with iron mordant, for example, not 
' exbiNting the dark and bluish hue given by the latter, u though 
tatinin manor were absent. 
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** Compared with old fustic, on wool mordanted with aluminium, 
37 grms. Msrrica bark equal in dyeing power 5 grms. old fustic 
but it gives a much duller olive-yellow colour. Compared with 
Chromium mordant on wool, 2 grms. MyriCA bark are equal to 5 
grms. old fustic, but here, too, the colour is much redder or browner 
“ The comparative richness in colouring power of Myrica bark, 
and the full, brilliant red-orange given wnth tin mordants on wool, are 
sufficiently interesting to warrant us in examining this bark thoroughly, 
more particularly since it is evident that its utility as a dye-stuff is 
unknown to the Hindus.” 

Sir F. A. Abel, when forwarding copies of the above paper from 
the Imperial Institute, on the 27th June 1895, made a request for a 1 
larger supply of the bark to allow of a complete set of experiments 
being carried out, and in accordance w'ith the request about 70ft of 
Kaiphal were collected by the Reporter on Economic Products in 
Simla and despatched to London in November, 

In the course of a few months the following important paper on a 
full analysis of Kaiphal appeared in T/ie Transactions of the Chemical 
Society. The paper is printed in extenso^ with the exception of the 
experimental data and calculations of the formulae 


Contribution from the Clothworkers’ Feseareh Laboratory, Dyeing 
Department, Yorkshire College. The colouring principle con- 
tained in the bark of M]rrica Nagi. Pari I. 

B> ARTHUR GEORGE PeRKIN and JOHN JAMES HUMMEL 

In the course of examining the tinctorial properties of some 
Indian dye-stuffs (/. Soc. Chan. Ind., i 8 gf) our attention was espe- 
cially attracted by the behaviour of the bark of Myrica Nagi. Not < 
only did the colouring power compare favourably with that of such 
well-known dye-stufl's as old fustic and quercitron bark, but in some 
respects it seemed to differ from all other yellow mordant dye-stufis. 
Having subseqaently received a larger supply through the kindness of 
the authorities of the Imperial Institute, London, the chemical 
examination of this dye-stuff was undertaken, and the results are 
recorded below. 

Expkrixintai. Part. 

The groond bark (t/xx) grams) was digested for six hours with 
ten times its weight of boiling water, the mixture strained ibroogb 
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calio, and the residue treated again in a similar manner. Experi* 
ment showed that by extracting the filtrate with ether a small amount 
of colouring matter could be thus obtained ; the ethereal extract sepa- 
rated, however, with difficulty from the aqueous liquid, and as also a 
very large quantity of ether was necessary for this process, the 
following method appeared preferable. To the combined boiling 
aqueous extracts, a solution of 6o grams of lead acetate was added, 
when a bulky, yellowish precipitate was obtained, which, on pro- 
longed boiling, became dirty white ; this consisted almost entirely of 
the lead compound of tannin matter, and contained but a trace of 
colouring matter. This was removed by filtration, washed with 
water, and the filtrate treated with more lead acetate solution until 
' a precipitate was no longer formed ; the lemon-yellow lead compound 
was then collected, washed, and decomposed, while still moist, by 
means of boiling dilute sulphuric acid. The brown liquid, which now 
contained the colouring matter, was removed from the lead sulphate 
by decantation, and extracted twice with ether ; the yellow crystalline 
residue left on evaporating the ethereal extract was dissolved in 
a little alcohol, and the solution diluted with boiling water. The 
crystals which separated on cooling, were collected and extracted 
two or three times with small quantities of boiling acetic acid in 
order to remove a colourless wax-like substance vrhich was present 
in some quantity. By recrystallisation from dilute alcohol, the pro. 
duct was obtained in a pure condition. The yield of colouring matter 
from too grams of bark averaged from o’S3 to o a/ gram. 

The ultimate analysis indicate^l the formula Cjj,lI,oO,j, which 
requires C = 56-60 ; H = 3*14 per cent. 

It formed a mass of light yellow, glistening needles closely resem- 
bling quercetin in appearance, and melting above 300'^ with decom- 
position. When heated lietwcen watch glasses, the mass became 
carbonised, and a small quantity of yellow vapour was evolved, 
which, on cooling, condensed to minute needles of the nnchsnged 
lobstance. It is very sparingly soluble in boiling water, somcwliat 
readily in alcohol, and almost insoluble in chloroform and acetic add. 
Thovgh closely resembling in appearance the colouring matters ot 
the quercetin group, it is readily distinguished from those at present 
known by tho colour changes it produces when dissolved in alkaline 
solutions, With dilute potassium btdroside, a green solutiou is first 
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formed ; this, on exposare to air, rapidly assumes a deep blue -tint, 
which in its turn gradually becomes dall red-violet With strong 
alkali a fairly permanent orange.coloured liquid is obtained which, 
when diluted, passes through the colour changes recorded above. A 
solution of ammonia produced somewhat similar results, the colour 
obtained having, however, a redder tint. Tho addition of lead acetate 
to its alcoholic solution throws down a reddish-orange precipitate 
which becomes yellover on boiling. The colouring matter dissolves i 
in cold sulphuric acid, forming a deep red solution, which deposits 
the unchanged substance on adding water. Its alcoholic solution is 
coloured brownish-black by ferric chloride. In examining the dyeing 
properties of this new colouring matter, for which we propose the 
name myncetift, experiments were carried out with it side by side 
uith equal weights of pure preparations of quercetin, fisetin, morin, 
geniisin, and euxanihone, using woollen cloth mordanted with 
chromiom, aluminium, and tin. It was at once apparent that a 
strong resemblance existed between the shades given by myricelin, 
quercetin, and fisetin, in fact, so similar were they, that unless placed 
stde by side one might easily be mistaken for the other. These 
differences are best seen in the table. 

This table shows that, so far as its dyeing properties are concerned, 
monn belongs to a distinct group, and the same may be said regard- 
ing gcnlisin and euxanthone. 

By examination in Zlesel’s apparatus, rayricetin was found to con- 
tain no raethox>I-group 8 . 

Chromium. | Aluminium. Tin, 

I 

Red>bro«n Rrown-orangc . . Hri|rht red-orange. 

„ Hr own-orange, inclin- Slightly lets r#4. 

loif to red. 

ft . , Brown-orange, inclin* Bright orange, 

ing to > el low* 

Olive-yellow . Dull yellow . . Bright yellow. 

Green yeibw, Bright yellow tint, Cream colour, scarce^ 

dull and pale. very pale, acarcely ly dyed, 

dy^. 

Dull brown, Bright yelloVf pale. Bright yellow, tint tary 
y«ttow. paid, acarcely dyed. 

MwrieeUn StaphaUi~c[^}i,, .0^.11, SO^-^ia order to detemlM 
ibe molecular weight of mjricetin, iti bebariour towards min«ful 
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acids was studied, this method, as shown in former communications 
having proved of considerable service for this purpose. 

The addition of sulphuric acid to m}Ticetin suspended in boiling 
acetic acid caused the formation of an orange-coloured, crystalline 
compound, which was collected, washed with acetic acid, and dried. 

It was obtained as a glistening mass of slender needles somewhat 
redder than the corresponding quercetin compound. By treatment 
with water, it is decomposed into myricetin and sulphuric acid, 

Myrieetin hydrobromide, CjjHjQOg.HBr is obtained in 
orange-red needles on adding hydrobromic acid to myricetin suspended 
in boiling acetic acid. 

By treatment with water, it is decomposed into myricetin and 
hydrobromic acid. 

Myricetin hydrochloride, C,eH,oOb,HC 1 . closely resembles 
the above compound. When heated at loo®, it is slowly decom- 
posed into myricetin and hydrochloric acid, and was consequently 
not analysed. In the instability of its compound with hydrogen 
chloride, myricetin resembles quercetin, fisetin, and morin (Trans. 
1895, 67,646), but differs from that of luteolin (this vol„ p. 208), 
which is stable at this temperature. 

Myricetin hydriodide, CuH.oOh-HI, crystallises beautifully 
in glistening needles of a red orange colour. The above results 
show that the true formula of myricetin is C,„H,oO,. 

HexaretylmyriceUn, A solution of one 

part of myricetin and one part of anhydrous sodium acetate in three 
i parts of acetic anhydride was boiled for one hour, the product poured 
into water, and, after l>eing allowed to stand 24 hours, collected 
and pttri6ed by crystallisation from alcohol. 

It forms a silky mass of colourless needles melting at 203 — 204° 
very sparingly soluble in alcohol, more readily in acetic acid. It is 
insoluble in cold alkaline solutions. In order to determine the 
number of acetyl groups present in this substance, a solution in 
acetic ackl was boiled with the addition of a few drops of sulphuric 
acid. Boiling water was then added, and the crystals of myricetin 
which separated on cooling were collected and weighed, and from 
. an ultimate analysis the substance was proved to be a ktxacHyl com* 
pound. 
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HeasotbennoyltnprieeHn, CuH^OgCC^HjO)®.— Owing to the 
readiness with which mfricetin decomposes in alkaline solution, the 
method of Baumann and Sohotten was not available. Myricetin 
was therefore heated with excess of benzoic anhydride at 1(0—170® 
for four hours, and the product dissolved in acetic acid and poured 
into alcohol. After 1 2 hours, a colourless precipitate had separated, 
which was collected, washed with alcohol, and purified by crystalli- 
sation from this solvent. 

It was obtained as colourless needles, readily soluble in acetic 
acid, sparingly in alcohol. 

Action of Fused Alkalis on IfyWccfftt.— Myricetin was 
heated with ten times its weight of potassium hydroxide at 150 — 170° 
until the melt, which wus originally of an orange colour, had become 
brown. It was then dissolved in water, the solution neutralised with 
acid, extracted with ether, the extract evaporated, and the crystalline ! 
residue dissolved in a little hot water. On adding lead acetate, a 
yellowish-white precipitate was formed, which was collected, and 
washed with hot water, the filiTAtc being placed aside for further 
examination. 

The lead precipitate, suspiended in a little water, was decomposed 
by sulphuric acid, the lead sulphate removed by filtration, the filtrate 
extracted with ether, and the extract evaporated. The brown resi- 
due, which became crystalline on standing, was treated with a very 
little hot water, in which most of it dissolved, the small quantity of 
insoluble product being collected. This, on examination, was found 
to be a trace of unaltered myricetin, and it is strange that any of this 
substance, which is so readily decomposed in dilute alkaline solution, 
should have resisted the action of concentrated alkali at such a high 
temperature. 

The filtrate, on standing, deposited crystals, which after being 
drained upon a porous tile and crystallised two or three times from 
boiling water, formed a mass of needles of a slightly brown tint, 
melting at 139— a40*» with evolution of gas, and giving tbe reactions 
of gallic acid with ferric chloride. As, however, tbe rcAcUons of 
phhuoglocinokarboxylic acid are very similar, according to Will and 
Albrooht {JSer., 1884, 17, S103 ; 1885, i8> i 3 > 3 )> it was oeoetsuj 
to inttitote fnitber tests. It was foond that the sabstsneet dyed iron 
mordanted calico like gallk acid, that H did not give with fir wood 
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and hydrochloric acid the phloroglucinol reaction, and, further, that 
when heated to 240° the residue had the properties of pyrogallol, and 
not of phloroglucinol. It was therefore gallic acid. 

The filtrate from the lead precipitate was treated with sulphuric 
acid to decompose lead compounds, the lead sulphate removed by 
filtration, the filtrate extracted with ether, and the extract evapo- 
rated. The residue thus obtained was too small for complete purifi- 
cation, but it gave the phloroglucinol reaction, and without doubt 
consisted chiefly of this substance. 

The principal products of the action of fused alkali on mj ncetin 
are therefore gallic acid and phloroglucinol. 

Action of Bromine on Slyricetin —To a thin paste of my- 
ricetin in acetic acid, the amount of bromine necessary for the 
formation of a tetrabromo-compound was added. Hjdrogen bromide 
was evolved, and a clear solution gradually formed ; this, after stand- 
ing over night, was poured into about six times its bulk of water. 
At first crystals were slowl) deposited, but after some time a small 
quantity of flocculcnt matter also separated. The product was 
collected and purified by several crystallisations from dilute acetic 
acid. As the yield obtained in this way was somewhat unsatisfactory, 
experiments were earned out on the bromination of myricetin 
suspended in carbon bisulphide at 100°. By these means the quantity 
of product obtained was found to be considerably increased. 

It was obtained in the form of brownish-orange, pnsmatic 
needles, melting and decomposing at ajs — 240 , readily soluble in 
acetic acid, slightly less so in alcohol. Alkaline solutions dissolve it 
at first vrith a yellow colouration, which on exposure to air becomes 
red, and finally passes into dirty brown. Its alcoholic solution 
gives with ferric chloride a deep blup colouration. With mordanted 
calico, it dy es shades considerably yellower than those of myricetin 
itaeU, and more resembling those yielded by gallacetophenone. 

Altboogh the analytical numbers agree closely with those required 
by tetrabiomoinyriceiin Ci^H.O^Br*, and moreover the production 
of such a compound is in harmony with the probable constitution 
of this snbstance, yet on account of the peculiarity of its properties 
conakleied side by side with those of the bromine derivatives of 
queicelin. morin, and luteoUn, some little doubt must be eittejtained 
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as to its identity until a molecular weight determination can be 
carried out. By the introduction of bromine into the above colour- 
ing matters, their reactions with ferriw iKfloride are but little altered ; 
moreover, these compounds are considerably less soluble than the 
colouring matters themselve^i 

In examining the results of this investigation, but little doubt 
ran be entertained that myricetin is a member of the quercetin 
series. Its formula, its reactions with mineral acids, and the number 
of hydroxyl groups it contains, when considered with the results of 
its decomposition with alkali, arc all in harmony with this suggestion. 
Moreover, its dyeing propertu-s are very similar to those of quercetin 
and fisetin. Before absolutely deciding its constitution, it will be 
necessary to examine its methyl and ethyl ethers and their decom- 
jtosition products ; unfortunately, the difficulty of isolating sufficient 
.substance for this purpose may delay this investigation for some 
time. There appears, however, every probability that myricetin, 
will thus be shown to have the constitution of an 
hydroxy quercetin,— 



Its colour reactions in alkaline solution arc evidently due to the 
oxidation of the pyrogallol nucleus it contains. 

Dyeing Propertie s.— The tinctorial power of the product now 
examined was much less than that of the small sample of bark 
with which the earlier experiments were made, and which had a 
much smoother cxienor. and was labelled MTiica rubra ; more- 
over, It gave somewhat different shades with the different mordants. 
On striped mordanted calico, the present sample gave with alumina 
a comparatively dull yellow, inclining to pink on a weak mordant, 
and with iron a purplish-grey, as if tannic acid were present Its 
coionring power was much less than that of old fustic and quercitron 
bark. On the other hand, oar former samjJe gave with alomina 1 
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full yellow, distinctly stronger, although somewhat duller, than those 
given by the dyewoods just mentioned, and the colour with iron 
mordant gave little or no indications of the presence of tannic acid. 
On wool mordanted with chromium, aluminium, and tin, and dyed 
with 40 per cent, of our latest sample, greenish-olive, olive-yellow, 
and yellow colours respectively were obtained, all very pale and dull, 
whereas with the same mordants our former sample yielded deep 
olive-yellow, dull-yellow, and bright red-orange, the two first remind- 
ing one of the corresponding colours obtained from quercitron bark, 
the latter being very similar to those given by Persian berries. 

These results show either that the colouring properties of Myrica 
Nagi are somewhat variable, according to the age of the tree or 
branch from which the bark is taken, or that there may be different 
species of M3rrica, each with slightly different tinctorial properties. 
The comparative richness of some of the barks, however, warrants 
us in directing the attention of native dyers of India to its probable 
utility as a yellow dye-stuff. 


I 
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RIXLAMATION or RRll or USAR LAND. 

Hoit by Dr J W Leather, Ayrirultural Chemist to thi Government of India, 
on eertain experiments whieh have hicn carried out for that purpose. 


I. -Iwrt — The Usar Plains of Northern India are so very ex- 
tensive and allovi of such poor cultivation within their area, that 
thev constitute a source of serious anxiety to Government, especially 
to die Government of the North-Western Provinces and Oudh within 
which territory the evil is of tlic most pressing description. 

Th<‘ area of thes<' p'ains in the North-Western Provinces and 
Ou ill amounted to 3,119,053 acres in iSh8 {ride letter No. 1247 of 
.*bth Ju'v isSs from the Director, Land Records and Agriculture, 
North-Western Provinces, to the Secretary to the Board of Revenue, 
Norih-Wcftern Provinces'. 

2 A cansidcriblc amount of time has been spent by several 
observers with the object of determining one or another factor in 
relation to this subject, and a number of experiments have been 
male with a view to determining some practical means of getting rid 
of these salts and so making the land culturable. 

A short description of these forms the subject of the present 
Note. 

3, Cause 0/ iSlerWIty.— The sterility of these plains is due to the 
presence of ceruin salts, principally Sodium carbonate, Sodium 
su'phate and Sodium chloride, in the soil, the last named, however, 
bemg osnally in subordinate amount. 
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4 Amount of Salt in the Soil. —The extent to which these saHs 
are concentraud m the soil varies within considerable limits Some 
“Usar’ hnl has no visible sign of salt in it and anahsis of the 
surfice soil will show it to contain trom o*i to o 4 parts oi salts per 
100 parts of dn soil In other places, and there are hrge areas of 
such (he salt lies on the surface of the ground, an inch or more thick 
As, however, IS natunl with salt which has effloresced in this manner. 

It lies verv light, and if scraped up, it will be found to be mixed with 
a proportion of earth 

The best test as to its amount in the surface soil is afforded h\ 
the determination of the amount of salt in a sample of the earth taken 
to a definite depth. 

The following determinations bj chemical anahsis have been 
made of the amounts of silt in earth which was covered with Reh 

Mr Medlioott, Director, Geological Survevs found in a sample 
of surface soil, ’3 inches deej), and which was covered with a thick 
crust of Reh,' 1 8s per cent of salt at 2 feet from the surface 024 
per cent. , and at 6 feet c 1 5 p r cent. 

Mr Ward Roval ‘school of Mints London, found in a surface 
soil 3 12 per cent , .at 2 feet 3" , at 4 feet 0 51 

5 Origin of the .SciWs.— The salts can onlj originate in four 
possible vvajs [a) from a sub soi bt i of s.alt, (b, they mav have been 
brought at least in part bv the rivers when the alluvium of the plains 
was deposited , (a) ihev nia) be simply tliose portions of the soil whicli 
have been rendered soluble bv water, air and p’an‘s and rejected bv 
the latter and which have not drained awa' , (</) Ihev may have been 
brought in part in the canal water used for irrigation 

(a) As to the supposition of a dcfimlc be 1 ot salt, there is only 
negative evidence , in those few deep borings which have been made 
in the alluvium of North-Western India laosaJt was found (tide Manual 
of Ccologv, p.aRC 432, ft stq ) 

(i) Dr, Canter has suggested, that the salts which are dissolved 
J from the rocks and brought down bv all rivers, may have been a 
i source of the salt accuiuu'ations under nonce, that indeed as the 
^ alluvium became deposited the river water left some salt behind 
I (<) The third source of these salt accumulauons which was first 
accounted for by Mr Medlioott and afterwards also by Or. Center 
IS the soil Itself As Mr. Medlioott pointed out m h.s Note to the 
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Keh Commiitee, which sat in 1878, it is perfectly well known that by 
the action of the Carbonic acid and moisture of the atmosphere, aided 
by the sun’s heat, the rocky particlcl lUt the soil become decomposed 
and reduced to simpler compounds; similar ehects are produced by 
the roots of [)I..nts. ThiF^ Silicates of soda, potash, lime, etc., are 
decomposed, and the bases named become converted, at least 
primaril}, into carbonates. In the event of the land being covered 
by vegetation, the plants take up, />., feed on, lime and potash, but 
reject for the most part the soda. Hcncc in all ordinary soils there 
li' continually set free a quantit) ot sodium-salt, unused by the plant, 
and it ordinarily passes away with the drainage water. 

Touching this Mr. Medlioott says, in paragraph a of his Note to 
the R('h Committee: — 

“ Rt'h IS formed uf highly soluble sodium-salts, the result of the 
decomposition, by air and water, of the particles of rock minerals to be 
found in altruist every soil; and thus reh itself occurs very generally in 
soils, bc'ing the waste products oi soil-form sti(»n — the elements unassimi- 
laied b) vt gctation— the gradual removal of w Inch is (01 should be) effected 
b\ the ram w-atcr draining through the soil and carrying with it any 
excess ct these highly soluble salt'>. In this way all sub-soil drainage 
water contains Rch, while mere surface drainage water contains little or 
none, but only matter in mechanical suspension ; and thus it is that rivers 
in fl<<xi contain less dissolved matter than mdry weather, when fed chiefly 
Ly ptrcol.ition water.*’ 

(t/iA fourth cause has been suggested, namely, that Rch has 
been brought on to the land in the canal water. Mr. Medlloott 
says in paragraph 3 of his Note (already alluded to) 

*• The faa last mentioned points to another important factor of the 
problem bclorc the ( ommvUcc ; tliat canal water, being, to some extent 
Bub-vjil drainage water, must contain rch ; and that it does so has been 
pointed out by every (me who lias analysed the water with reference 
to this question; by Dr. O’Shaughnessy m 1850. by myself in i86t, and 
by Mr Ward m 1869. The importance of this factor will be apparent 
when the other conditions of rch-formation arc considered, and the per- 
sistent denial of it by canal officers is an infatuation/’ 

And again in paragraph 10 Mr. Medlloott says they 

flhc canals) have unque.sijonabIy introduced an independent and an 
inexhauftiible source of Reh/' 

And after referring to the importance of the fact of the rise in 
the sub-soil water level, he continues 

but it is quite evident that where the condrtioni of reA- 

fomution art set up, f.e., where the removal of soakage water takes place 
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almost exclusively by evaporation, irrigation by canal water must end 
in a destructive crop of reh, where the indigenous resources of the 
ground in that way were comparatively harmless. The process may be 
slow, according to circumstances, but that it is certain, no man in his 
senses will deny. *’ 

Mr. Ward, Royal School of Mines, also writes, in his report on 
some samples of soils and water which were submitted to him — 

“ With regard to the first cause suggested, viz., the canal water, it is 
certain that the continual irrigation of land with water containing sul- 
phates and chlorides, which the canal water has been shown to contain, 
and the removal of which water is entirely due to evaporation, would 
inevitably have the effect of producing a reh soil in a time proportionate 
to the quantity of water applied — the only countervailing influence oeing 
the amount of alkalies removed in the crops. Th's is a ver\ important 
point, the force of which is greatly augmented, if the composition of the 
Jumna canal water be reahy such as it is represented to be by the 
paitial an.iUsis given in thib report ; but it is manifestly useless to enter 
into any calcul.ilion on llic siibiect without knowing anything of the 
quantity of water annually applied m irrigation, or with results obtaiiud 
from specimens of water, the genuineness of whiLh seems to need confirma- 
tion.** 

6, CauHe§ of AccumtUaiion of If. lliercfore, the cause of 

the origin of Kcl» as expbtincd In Mr. Medlicott be accepted, the next 
question is : “ If these salts of sodium are usually liberated in agricul- 
tural soils, why do they accumulate in this particular part of India ? ' 
(a) Mp. Modlioolt (paragraph 3 of his Note to the Reh Committee) 
says 

** I know of no cases of Reh that m.i) not be due to the 

primary conditions already indicated which may be comprehensively 
expressed as Jef^rtive tr<j/rr ctnulafiiffi From the farmer’s point of view' 

it would be desirable lo pass all thciamfall through the ground 

Owing lo shallow culti\aiion and a total absence of forest vegetation, 

the rain falls on a bare, hard, impervious surface ; so far as the '^lo[>es admit, 
it rum oil rapidly to the natural drainage courses, but much of it remains 
ctn-ering shallow depressions with great sheets of waver. Although the 
grtnind is parched after the fierce heat of the early summer, comparatively 
lillle of this surticc water is absorlied, quite insuffidenl lo cause the needful 
partial escape by underground diamage, and so it remains to be wdlh- 
ijrawn by r\ap^>r4lion Icaxing ai the sc^lub'.c matter at or near th« 
tar face 

Two Other pOiOU, relating lo the ac^umulai:^ of Reh must now 
be referred to. 
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(b) In 1874 Mr. (now Sir) E.C. Buck t iought to the notice of 
Government, the extent to which these salts were being carried by 
surface wash from one place to s^;?f\(t'er. As explained by him, the 
first rain falling on the baked surface of the earth dissolves the salt 
which has cffloicsced and that psrrtion of the water which does not 
immediately soak into the ground, carries \sith it the salt it has 


Surface 

washing. 


dissolved, and lie gave instances of this surface wash having found 
its wnv from the us^r plains into culti\ated fields which were in 
consequence dostro}ed. 

(O Another cause of the accumulation of Reh is the wind. The 
^ak lies liglillj on the surface of the land and at the time of the 
monsoon wind, salt 13 carried in clouds before it. As Sir E. C. Buok 
in his Note to the Reh Comniittec says : — 

“ . ... for FU'h, thick as driven .snow , lies concentrated on the surface at 
the merc\ , not only of water, but also of air, which, when the fierce and 
scorching wc*^! winds scour the plains, is lifted in thick clouds into the 
atmosphere and rolled in whiilmg columns over the adjacent country/’ 

Also in a Note by Mr. F. N. Wright on the same subject, the 
effect of wind drift is thus described : — 


wind Drift. 


The villagers attrkiutc considerable influence to the wind as an 
agent for propagating the mischief. In the hot memths, they say, the wind 
blow mg over pl.iccs covered with this light impalpable efflorescence be- 
comes hidcn with clouds of it dike a snow-storm wth us, a dust-storm with 
themk and deposits burden on the fields first reached, and thus 
commences the mischief. Of the truth of this assertion there can be no 
doubt, so far as it goes, for fields to the cast of usar plains are invariably 
attacked on their western-most edge.’^ 

7, The Effect of the C«Hrtfa,~The more serious effects of Reh 


were experienced a few )ears after the introduction of the canal system, 
and as a somewhat natural consequence to them was attributed by 
manj the whole of the blame. 

(u) Several reasons were advanced for condemning these artificial 
watercourses. One was that they had been badly aligned and had 
interfered with the natural drainage of the country. So far as this 
is concerned, the cause has been recognised and every endeavour 
made to open up, cither by re alignment or by water sluices^ the 
natural drainage of the country, 

{b) Another serious complaint against the canals was that the level 
of the sub«8oil water was raised, owing partly to leakage through the 
bottom of the canal and partly to the large amount of irrigation which 
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was thus suddenly introduced. Mr. F. N. Wright, writing in. refer- 
ence to this point in 1S78, says : — 

There is not the least doubt of the great rise in the water level in the 
vicinity of the canal. Not only is the normal level according to m> ex- 
perience about 20 to 25 feet in such a tract, whilst here (Aligarh District?) 
it is 6 to 12 feet, but the old bullock runs show it to have been much 
further below the surface formerly, and the levels 1 took as I receded 
from the canal lead to the same conclusion. 

The evidence of cultivators and zemindars leads to the same con- 
clusion, and there would appear to he little doubt that the level of the 
sub-soil water has been raised, until it is in many places only fue or 
six feet from the surface. Mr. Medlicott suggests in his note above 
alluded to, that prior to the introduction of the canals, an almost per- 
manent equilibrium had been established, that, although the natural 
drainage of this land is bad, the salts had accumulated in the under- 
ground water, which was for the moist part probably out of reach of 
cai>illary action. Wlien, however, the level of this water was raised 
capillarit) rapidly commenced and llic sali^ whicli travelled up 
through the soil wiili the water, were left on the surface as that water 
became dissipate i. 

a Experiments for 'the Recta mat ion of Vsar hands.-- 
In 1879 a Conference was held at Ali-arh at vvhich the several bear- 
ings of the subject of Usar land were discussed, and at which it was 
dcicrinincd to commence a series of experiments for the determina- 
tion of scvcr.al of the factors relate I to the subject, and for the recla- 
mation of these lands. The following expenments and observa- 
tions were made : — 


Mh Maps. 


fciunafp 


(d) Reh maj)S were prepared 10 ascertain the dihlribuiion of reh 
throughout the Provinces, and to slutW the variuions through a 
Bcriei of years of the reh area m certain selected villages. The 
former has l)ccn prcp.aicd, and the latter observations were made 
in 65 villages of Pargana Akrabad of ilic Abgarh District over a 
series of ycais. 

(A) A surface drainage map vws also prepared for the same 
villages of Akrabsd. 

(r) A survey of 8ub*sod waters shoving the distance from the 
turUce of the water in Uie wells, tor ilw wfiolt oi the provinces, 
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{d) Agricultural experiments oi experiments of an 

afrncultural nature were commenced at \\\argarh, at Aligarh and 
at Ca’\npur. 

(/?') The effect of surface drainage was tested b) throwing up 
low embankments and ailcwmg the rain water to wash them. The 
\peiiment app ars to ha\t been a ftdiir 

(/) Another plot of hn i was drunc 1 with two inch pipes, but 
iiie> silted up n1 this experiment was also fruit ess 

(g) Sinilu \ scraping the reh oQ the sur‘‘ace proved quite use- 
Ic ss 

0th r experiments h i\ 1 en more encouraging. One of the 
cirlicst experiments m the rcc^ mation of ii ar land was commenced 
n ar Aligu^ where an aici of about 24 acres bordering on the 
Cj ingcs Can d was enc osed and p anted with trees 

(A) The following extract from the Report, 1879, of Mr. Greig, 
Conservator of 1 orcsts describes it — 

“ 1 he plantat on is situated an the l(ff bank of the Cawnpur Branch 
It sb undtd rn the s uth bv the bikandra Rao rajbiha, and on the 
c ther sides by ihe Ptrdi nagar usar plain on three sides it is fenced by 
n hank and ditch the rajbaha form ng the ftiKe on the south side The 
I ank ai d d Ich art not n gf cl r< pair, aid frubahly cattle enter the 
pi intatKm occasionally, 1 iit 1 d d not obscr\e much sign of grazing The 
f ifU ilion was formed »n June in 1 )u y 1S74 Beds 3 feet in diameter at 
i >j> * ft t at b ttom ar d 3 feet clctp, were dug at u feet intervals, they 
wtre tilled with g d sell cr silt and raised t i h gher level than the 
n itiir d surf ice Of the 39^7 Ixds thu'» pri pared, 238 were sown with 
li^ul seed n tlu rem i rung trees of v irious kinds (but no 

were planted, and a bdbu seeds were sown around the transplants 
Uiiring the rains of 1S74 coarse grass w as planted between the trees m 
I f 4 s one f <jt apart 

I nm November H74 to the commencement of the ramy season of 
187^ the p intation w iS flooded with canal water about twice a month, 
but ]udg ng from the file, it has m I been irrigated since June 1875. 
The total cxperdiiurc on the 10 acres up to date is put down at R489, 
about half of whi».h was the cost of preparing the beds. I estimated 
that abe ut four*hfths of the plantation is fully stocked with a fine crop of 
hCiilthv babui trees of from 10 to 20 feet in height, with an occasional 
itssu and sirus growing tn the midst of five or six babul, and sometimet 
towering above them. . . The well-stocked portions arc chieflj 

on the north side of the plantation, towards the Purdilnaear usar plain. 
The remainder of the plantation, sa}. onc-fifih, is cither insufficiently 
stocked, or entirely devf>id of trees, or planted with unsuitable trees, such 
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as Jawan, willows, etc The vacancies are pi mcip-illv towards the south 
side and, as a rule, the} are in low-1} ing land where water lodges after 
heavy rain, in fact 1 feel sure that the failures are almost entirely caused 
bv want of drainage, and arc not in any wa\ attributable to reh There 
IS a luxuriant growth of grass over almost the whcle of the plantation 
in some places 2 feet high , the reh only appears here and there m small 
patches, and these generally show signs of becoming covered with grass. 
The following is the treatment I recommend for the plantation — 

(a) Where a healthv sissu tree is growing amongst a clump of babul, 
clear awa\ the babul to encourage the u , where a sissu or 

other tree is f nind in a clump of hcalthv lalul,cui out the 

1 5I55W, etc , to encourage the / No other thinning ‘should 


be m idc at present, the object be ng to shade the ground and 
keep It cooU and thus cn ourage the gr wth of grass and the 
deposit of \egetiblc mould. In three or four Ncars it will 
prohab]\ be necessar\ to d some lliinning, but 1 hope to see 
I the pi miation again before them 

* f/0 “ In the strip ( f lo \- M gland in which the piincipal \acancics 

! otciu d Iches O’loulJ he dug at i f( ct inier\a’^ along the 

I f tlelcdstf f I m b ih dra ns an i irrigation channels 

1 he I cds sliouhl be W( 1 dug up and m re go ni soil added 
' to raisetl(ma loot *1) \( the n ilu^ il lc\el ;f the 1 md, tl e> 

shou d then be S)\n with / I ^ced xnd kept d inp but 
luvcr flo led A' the tint I 1 nd b^ ’s or beds m which 
ihdc arc My Jaw in c r other trees, should ils be dug 
up and raised, ind sowi with tie babul ^ecd tb ut the 
midd e of June It will ; rol j 1 \ be cheaper i > hand-w atcr 
thtsf than to irrigate them, (r the s\ stern of sub-siirface 
w ilcnng, b> ir; is sut k in the ground m ght be tried. 

( ) * 1 \tr> endeavour sh nild I l m ide to cvclude cattle , the dileh 
should be dug irid the bank rcpaire I, and then agave planted 
W ht n planting ll c iga\t here it mi> perh ips be advisable 
lo give each plant i little good sou to start it,*’ 

In Dot ember iSn'> howc\er the it ports were not so encoDragmg 
Mr. Bagshaw, dfljciat.ip Cmscrv^^or of 1 ORsis, stales that all the 
larger trees, aoto rs feet in licighi, were grulii\ll\ citing, manv being 
alrcach quite dead, the )Oungcr or irte^ of less advanced growth, 
still looked hca’.ihN. 

Trees have been p’amei 5i.\eral other places at Cawnpur 
and Aligarh At Juhi near Cawnpur a large number of habul, dhak^ 
hrr, mm^shukam, pifaK h^r^aJ and other hard» indigenous trees as 
well as a number of exotic plants^ such as the salt-hush, sheep-busb, 
nun tree, liave been planted from time to time alter the following 
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methods , on slightly elevated spots, on iides of mounds artificially 
raised, and in pits. 

Some of the pits were five feet deep, lined with “ Willesden ” rot- 
proof piper and filled with good soil from cultivated ground, whilst 
in Hher rast-. tht,\ were wither lined with the paper nor filled with 
new soil the same scu I eiiig thrown back into the hole. Although 
success hns not illeiileJ the planting of all the trees which were 
plante i, sti 1 the hn 1 is now fairlv well stocked. The same remarks 
are ayp' etUe lo the pUiitations at Aligarh 

(i) On the 1 law a Branch of the Ganges Canal 40 acres of usar land 
were taken in land in I an 1 flooded with silt-laden canal water 
and after floo ling it for two \ears, it was leased tor three jears, the 
lessie beirg allowed water free ot charges for the crops grown on the 
rcclume 1 land Of the 40 acres enclosed, 33 acres were reported in 
1882 as being fairh prolucUve ’ Excluding the value of the canal 
wat!.r, there was a net profit of R58() at the conclusion of the experi- 
laciit 

At three other areas the effect of excluding grazing from usar 
land w is tnc 1 Tins was done at the Juhi reserve near Cawnpur, 
.tnd .It two enclosures, Gursikranand Cherat, near Aligarh, the land 
at luhiwas enclosed in 1882, whi st that at the other two places named 
in i8x; The) wtre all simplv enclosed from cattle, and grazing 
strict! t I rohib ted I he grasses lave been examined annually and, as 
Mr. Duthie 8 reports show they have gradually extended over the sur- 
face, until now there is hard y a spot on which vegetation of some 
kind is ni t iircsent and wl at were originally reh-covered pieces of land 
arc now for the most part without any salt on the surface at all. 

{/) 1 he results of an experiment made at Amrawau, near Cawn- 
pur, to test the effect of deep cultivation and heavy manuring have 
been published separately (vide Not. it and ij of The Agricultural 
Ledger, 1893). 
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INDIAN MANURES : their COMPOSITION, CONSERVATION, 
AND APPLICATION. 


A Note hy Dr. J. W, Leather, Agricultural Chemist to the Government of India. 


The ordinary Indian cullivator cannot afford to purchase manures 
from other countries, and the consumption of such materials is 
limited to a small amount required by planters. It may be said, in 
considering the manure supply of the Enmire, that it consists almost 
entirely of materials produced in India, On the other hand, it is not 
to be assumed that there is no trade in manures, and although this 
trade possibly may not bear any large proportion to the total amount 
utilised, still it IS a quantity which has to be reckoned with. Very 
large amounts of city manure, and considerable amounts of oilseed 
refuse of a non-edible nature, are certainly regularly bought by the 
cultivator. 

». The object of this paper is to set out what information exists 
on the subject of the several manurial materials which are available 
in India and, at the same time, to show what further information 
might be ohtiined regarding these materials and the importance of 
thsu enquiry. 

3. The materials which are more or less available to the Indian 
cultivator may be included in the following list 

1. Cattle Dung and Urine. 

8. Cattle Bedding materials. 

3. Night-soil and other city refose. 

4. Oilseed refuse. 

5. Bones. 

i. Saltpetre. 
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7. River, Canal and Tank silt. 

8. Green manures. 

9. Influence of Leguminous crops. 

10. Sheep folding. 

In discussing the value of a manorial material two items of informa- 
tion are of importance. The one is its value as a manure, the other 
the amount available. The first of these may be appraised by its 
market value, or it may be valued according to the increase of a 
crop or crops which is found to be due to it. The former method, 
namely, the market value, depends on the supply and demand for 
the time being, and will consequently vary considerably even in short 
periods of time as will become particularly evident when considering 
the oilseed refuse ; the second method is one which is entirely in- 
dependent of such fluctuations and may be said to be of an absolute 
nature for any particular area which enjoys substantially the same 
climate, and experiments are being conducted at different Experi- 
mental Farms for the purpose of determining this value for a number 
of materials. Climate may cause a manorial material to be more 
valuable in one part of the Empire than in another, in that a larger 
increase of crop may be obtained from a certain amount of manure 
in one part than in another. The information available is, however, 
loo slight to admit of much being said on this point. 

4. In India there are at present the following Experimental Sta- 
tions, at which, among other operations, the agricultural value of 
different manures is being determined ; Poona, Nagpur, Cawnpur, 
Dumraon, and Hurdwan. At each of these some experiments are 
now in progress which, it is anticipated, will eventually show what 
value may l^ placed on 4 he several materials named in paragraph a. 
But, although in several cases the experiments have now been in pro- 
gress for some 10 or la years, the majority of the experiments have 
not been carried on for a sufficiently long period to allow of them 
being considered complete. 

5. A knowledge of the relative amoonts of the several mannrial 
materials available in India is naturally of importance ; for from it 
may be deduced the relative importance of each. This information 
is, however, not easily obtained, and at the most only rough estimates 
can be arrived at. 

I.-CATTLE DUire AND URINE. 

At all the Experimental Farms named in paragraph 4, cattle 
manure is being applied to various crops, and the experiments bsve 
now been in progress (or some rears. Until recently, however, the 
manure was l»dly cared for and no attempt to imitate Enropean ex- 
ample was followed. It was held by some that cattle would suffer 
in vaiiona ways, aucK as from sore feet, U kept in sheds wiih bedding 
beneath them, and alttsougb others had shown this to be a fallacy, the 
fact remained that at the Cawnpnr and the Bengal Farms no such 
thing as conserving cattle mannie wu attempt^. What wu cel- 
leem for nae on the farms was merely die solid exotmoit which 
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was kept in a hole. The urine was entirelj lost. Thus the ezperi* 
ments at these farms may be said to have beea carried out with the 
solid excrement only. At Nagpur much more care was bestowed 
and the manure obtained has been of good ijuxlity. In TAt Agricul- 
iural Ledger No. 9 of 1894 (Agricultural Series, No. 7), I have set 
out in detail what were the results of the experiments on the value of 
cattle manure which have been in progress at the four farms named 
above, and it would serve no useful purpose to reproduce the contents 
of that paper here. The additional information since gained verifies 
the results there detailed ] the increase (since 1893) due to cattle 
manure has been somewhat above the average owing to the seasons 
having been generally favourable. The general conclusion which one 
may draw from these experiments is that, with an application of about 
6 tons per acre of cattle manure, there will be obtained an increase of 
some 300 or 40olb of wheat per acre in the North-Western Provinces or 
Bengal, At Nagpur the results are somewhat discordant owing to the 
serious attacks of rust which have been experienced, but generally 
there has been an increase ol 200—3008) of grain. In the case 
of maize an increase of 400 — 500B) may be depended upon in any 
average good year, though the crop is more liable to suffer damage 
from bad weather than is the case with wheat, and in that case the gain 
will not be so great. The information in the case of rice is too un- 
certain to allow of safe deductions. It may be indeed that it is not 
true economy in most parts of India to apply cattle manure for rice at 
all. This point will be referred to again in a future paragraph. 

7. In paragraph 13 of 2 'he AgrtcuUural referred to, I pointed 
out that the value of the results of these experiments very much de- 
pends on whether the amount of cattle dung employed, namely, about 
6 tons per acre, is one which a cultivator may be said to have at hand. 

A rough estimate of the amount of cattle manure may be obtained 
if we cither weigh the quantity produced by cattle in a village or that 
produced at the farms I have obtained information by both methods. 
When on tour in Ondh in December 1 894, 1 collected and weighed 
the dung of several herds of grazing cattle. The herd was in each 
case kept for 24 hours within a moderate area. The weights art as 
follows:- 


Amount 
of eattlo 


manuro 
avallntilo to 
thoryot. 


Instaneoa. 


(1) Hard of 50 cattle gave an average of i6'79lb per bead per ! 

day, or 6,i3slb per annum 

(2) Herd of 49 cattle gave an average of 13 681 b per bead per 

day, or 5,0008) per annum. 

(3) Herd of 25 cattle gave an average of 15 81 A per head per 

day, or 5,7678) per bead per annum. 

(4I Herd of 43 taltie gave 10 87 A per head per day, or 3'967A 
per bead per annum. 

The mean of these four experiments is 5,2i6A per bead per annum. 
The herds consisied of bollocks, cows, and otlves, and tb^ received 
a ration of straw in additioo to the grass they gnsed, wnich I was 
assured is the usoal custom. These herds did not coatala the wnsklng 
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cattle, they consisted of the idle ones, young stock and milch cows of 
the villdges. Weighments at the farms give the following results. 

At the Cawnpur Farm, the mean weight of dung from the work 
cattle over a period of 17 months was 4,0481b per bead perannum^ 
for the night period only ; that of the day time being excluded, because 
it was assumed that it would in the case of a cultivator be either 
dropped on the road or in the field. 

At Dumraon the mean weight obtained over a period of 2 years 
and 3 months was 5,a5Bft per head per annum ; in this case like- 
wise only the night’s manure being weighed. 

In both cases the manure was weighed after remaining in the prt, 
until the manure was required for the fieMs. The weight of the 
bedding and urine at Cawnpur was equdl to ijhbiylb per head per 
annum w'hen taken from the pit. 

8. Regarding the weight of manure from the grazing cattle it 
might be urged that it will count for nothing, because it is dropped 
on the grazing area, and that, consequently, it will not be collected. 
This is at le 1st what I m\ self should have expected would be the 
case. In practice it is the reverse. When 1 collected the first herd 
in Oudh, 1 went over the ground carefully to see that all old manure 
should be removed and so not included in tiie manure of the day of 
the experiment, but, to m) surprise, there was none at all ! It had all 
been collected and carried away for fuel. If the people can find 
time 10 lake it for one purpose, the) can take it for another, and con.<ie- 
quenlly, one raav assume that, not only the in mure of the work cattle, 
but also that of the grazing calllc, might be used for the crops. 

The amounts of manure as above detailed show that each head of 
grazing cattle (which includes cow\s and young stock) will produce 
about aA tons of manure, and that the work cattle will (during the 
night only ) produce not less than 2 tons. 

9. Now, since the question which we desire to form an opinion 
upon it, whether 6 tons of cattle manure is an amount which may be 
(airly supposed to be available for the land, it is necessary to consider 
over what area this manure might be applied if it were all preserved 
carefully. It wall be allowed in the first place that one would not, in 
ordinary practice, manure e\cry crop alike. 

In England a part of the agricultural economy practised consists 
in definite systems of “ rotation/’ A very common rotation consists 
in growing roots, barley, gmss and clover, wheal, in the order 
named, and the vaiious other rotations adopted of a less definite 
character consists tsicntiallT in aliemating roots and leguminous 
crops with cereals. In the case of ihe ** Norfolk rotation (roots, 
barley, grass, wheat) manure is always applied to the root aop and 
aotnttimea for the wheat the barley is frequently manured indirectly 
because roots are often fed 10 cattle and sheep on the land ; the grass 
or ImuninOQS crops sit grown with no additional manure. 

For India it may be sakt that the Garden crops generally or 
always receive manure, and that for ingac<aiie and opium manure is 
wsariy elwan applied, and it is also probable that this is a good rule 
to adopt Ceriauily in die case of sugarcane and potatoes it pays 
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well to manure heavily. But for the other r^opSt eg., wheat, maize 
and the millets generally which occupy much the greater area 
(excluding rice), we have little or no infoi’mation as to any common 
practice. It is usual in many parts to grow a rabt crop one year, and 
a kharif crop the next, on the same knd. 

A very common practice, more especially in Behar and the North- 
Western Provinces, is to grow the vegetables (or “garden” crops) 
close to the village site, and it is this area which receives the main 
portion of the “house-refuse” manure. In other parts, however, 
such as in Gujerat, the people live a great deal away from the village 
during the dry season. They set up a thatched hut and remain there 
until the crops are reaped. Under such circumstances the “ House " 
manure becomes distributed over a much larger area — a system 
infinitely better than the one so common in the North-Western 
Provinces. 

10. Then, again, cattle manure is not the only manure generally 
available. Of night-soil and house-refuse there is probably as large 
an amount in any village or hamlet as of cattle manure, and there is 
frequently some tank mud in addition. Leaving out of account the 
latter, and assuming the “ house manure ” to be equal in amount to 
the cattle manure, we may say that the latter might form (if it were 
not required for fuel purposes) about one half of the manure supply 
of any village. 

11. We may assume, however, that it is not good economy to 
manure pulses. Our general knowledge of these crops indicates 
that they can do better without manure than can the cereals and 
millets. In the case of the rice crop also there is some evidence, 
which will be dealt with under the chapter on River and Canal Silt, 
indicating that this crop also cao get along better without manure 
than the cereals. We have then left, the area under cereals, millets, 
sugar-cane and garden crops to consider. Considering that the 
" house ” manure may be valued as equal to the “ cattle ” manure, 
we may, without using any unfair argument, assume one half of the 
above crops to be manured with house manure and one half remains 
which might be manured with cattle manure. 

12. In 1893-94 the total nett area in the North-Western Provinces 
under all nope was 25,303,312 acres. From this we may deduct the 
areas under ncc (5,033,689), gram (2,187,565), half of the area under 
** pulses, etc.” (5,895,135), indigo (348,775)* “d orchards (219,783), 
leaving an area of about 12,000,000 acres which would be much 
beoehted by manure. The number of work cattle in these Provinces 
is 7,250,000, each of which may be assumed to produce 2 tons of 
manure per annum (in the night only), there are also some ic,ooo,ooo 
other idle cattle, each of which will produce about a) tons of manure 
per annum ; the total available supply being thus close on 40,000/300 
ai tons ; and this, if we assume it to be used for half the aops requiring 
manure, is eaua! to more than 6 tons per acre. Thus, assuming the 
method of catcufauion adopted not to be open to any too great error, 
it must be admitted that the rate of manuring, which has been 
adopted at the (arms, is not too high. 
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13* At the same time objections may easily be taken to the fore- 
going calculations. First and most important of all is the fact that, at 
present the manure is largely required as fuel, and so long as this 
practice is adhered to, the manure cannot be employed to raise crops. 
As to this question about which opinions differ so largely, only one 
thing can be asserted, and that is that there are parts of India where 
no cattle manure (or at least very little) is burnt at all (Gujerat, 
Muzaffargarh, Dera Dun are examples which have come under my 
observation) ; and, secondly, that in at least one part (Gujerat) the 
people grow their own fuel along the field borders, and it can 
certainly not be said that this is impossible elsewhere. More than 
this I shall not say. My object is to show ^^hat the cattle manure is 
worth. Then, again, it may be asked whether the evidence adduced 
above as to the weight of cattle dung is sufficient to form such an estimate 
upon? There is, however, additional evidence from other farms. 
At Burdwan the weight of dung produced by 6 bullocks (during the 
night) over a period of about 10 months was equal to 3,7211b per head 
per annum. At Nagpur it amounted to ii,63clb per head per annum. 
At Poona the dung collected from the dry milch cattle and young 
stock during 4 months was equivalent to 6,3801b per head per annum. 
Thus, whilst the weight of manure obtained at Burdwan was somewhat 
less than at Cawnpur and Dumraon, at Nagpur it was far more, 
and it was also much more at Poona. Then, too, when on tour 
in Gujerat, Mr, Middleton, Professor of Agriculture, Baroda, helped 
me to estimate the amount of cattle manure used in one of the 
villages. It came to about 4,800 tons per annum. About 1,000 tons 
had to be brought from outside, leaving some 3,800 tons produced by 
the village cattle. The latter numbered 1,000 which gives an equiva- 
lent of 3*8 tons per head per annum. This evidence tends to show 
that the weight of manure obtained at Cawnpur and Dumraon WdS 
not anything unusual ; it must be allowed to be a fair estimate. 
Finally, regarding the area taken, namely, one half that occupied 
by cereals, millets, oilseeds, sugar-cane, and garden produce, it is of 
course merely adopted to enable one to form some idea of what area 
there is which it might be desirable 10 manure. It must not be 
assumed that one would manure all croj>s uniformly. It will probably 
pay better to manure some much more liberally than others. On this 
point we have too little evidence to admit of going into much detail. 
On the other hand, it must be recollected that no account has been taken 
of the fact that the Cawnpur eiperimonts have shown a distinct 
advantage to the wheat crop exerted by a previous leTOminous one, 
the latter being removed. The results will be dealt with in detail in a 
latcf paragraph. There is some irregularity in the results, but 
genenilly a distinct, and in some cases a very considerable, increase in 
Uw wheat crop has been experieoced. Such evidence is not novel. 
It is welt recognised in Europe snd the cause is now well under- 
stood. The sres occoped by Jeguminoos crops in India is very 
large, snd since they thus probably exen s " Manurial influence, that 
influence must be issumed to be exerted on a part at least of the area 
under cereals, etc., leaving probably a smaller area than the one 
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adopted in paragraph is to rely on cattle manure. The exp^rUnents 
on the value of cattle manure at the farms must, on the whole, be 
allowed to be of a practical nature, and that the rate of manuring is 
one which m^ in ordinary practice be realised 

14. The Composition of Indian CatUe Manure^ln para- 
graph 12 1 of his Report on “ The Improvement of Indian 
Agriculture,” Dr. Voeloker comparei iHe chemical composition of 
Indian cattle manure with that made in England, a comparison 
which showed that the Indian manure was quite as good as the 
European, At the same time Dr. Voeloker points out the desirability 
of extending the investigation, the evidence which he had at hand 
being limited to two analyses. I can now add some evidence on this 
point, having analy'sed a number of samples of manure made at 
the farms and also some produced by cultivators’ cattle. 

The accompanying statements exhibit the analyses of a number of 
samples. Considering, in the first plate, the composition of dung of the 
cultivators’ cattle, which is set out in Statement No. I, it will be seen 
that the percentage of Nitrogen and Phosphoric acid is much lower 
than that in the manure from the farms — vtdt Statement No. II. 1 his 
manure was, however, from cattle which had nothing but very poor 
grazing to which a ration of straw or ]uar stalks was added. Work 
cattle, though not highly fed, are frequently supplied with a little 
additional food, such as oilcake, more particularly when doing 
heavy work, and whilst these analyses probably represent the compo- 
sition of dung from grazing cattle, those in Statement No. II will more 
nearly represent that of the work cattle, 
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Generally, it may be said that the manure made at the farms is fully 
as good as that made in Europe. It is, however, frequently much drier. 

15, The ‘^Conservation** of Indian Cattie Manure. — Of Raasoa for 
late years much more attention has been paid in England to 

the conservation of Farm manure. The researches of the late 

Dr. Voeicker showed that the valuable constituents of cattle manure, 

namely, the ammonia and other nitrogenous matters, the potash, the 

phosphoric acid, were latgely in a soluble condition, and that if 

the manure were exposed to the weather, the rain would doubtless 

wash away more or less of these constituents, and they would thereby 

become lost to the land. On the other hand, it was shown that the 

loss by evaporation of the ammonia (or ammonium carbonate 

which is a volatile substance) was, under ordinary circumstances, 

probably but very slight. As an outcome of this, farmyard manure 

has been much more carefully kept ; it is preserved in good square 

heaps and the drainage water is thrown back upon it from time improved 

to time; or what is a still greater improvement consists in the intro* 

duction of the “box” system. In India it may be said, without fear 

of contradiction, that one rarely sees any caie at all bestowed by the 

cultivator on his farm manure heap. I do not refer here to that 

manure which is burnt, but to that which is in villages generally ***lnSfiL * 

retimed for application to the land. A common practice is to 

dedicate a hollow near the dwellings to the accumulated rubbish of 

the houses ; another is to throw these materials on the banks of the 

vill.nge tank. In only two places have 1 found much attention given 

to the manure heap, the one is Gujerat, the other Dera Dun. In 

Gujerat especially is the general practice good. Many planters also 

p.ry great attention to tlie conservation of the cattle manure, and there 

may be other instances. The general rule is, however, as above stated. 

Dr. Voeicker in paragraph 148 of his Report cites examples of what 
he met with, and I may add a few of those which have come under 
my own observation. Around Banthra and Chinhat (Lucknow Dis- 
trict) the manure heap is usually placed on the sides of the village 
tank, and in this case, it mav be said, to be nearly all lost. Some- 
times, as in a village near Lucknow, the heap finds a place on the side 
of the road. In other places, such as Satrikh (Bara Banki) a hole 
in the ground receives all refuse. This is indeed by far the most 
common practice ; the hole is not a square, well made one, but a 
mere hollow, and the refuse is thrown into it. 

This practice 1 have also observed in Bengal and in the Pan)ab. 

GcDerally in such a case the material is perfectly dry and the straw 
and twigs are not rotted at all. On the other hand, in Gu)ent the 
manure is nsnally plastered down on the heap, which is gradually 
built up in a square well-kept hole, and one finds moisture close to 
the surface, and the dung well rotted ; in the Dun the manure is 
carefullr put in a hole and kept solidified, so that when brought on to 
the lano it is quite rotten. 

16. At some of the Experimental Farms the system adopted at 
present is to put the dung and litter into a hole over which a tl^ch 

IS placed. It has been generally assumed that the important pomt is m ianask 
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to keep off the rain during the monsoon. But so far the general 
experience has been that considerable difficulty exists in rotting the 
bedding material properly. The manure dries so dreadfully fast that 
there has frequently been far loo little moisture in the heap and, 
instead of fermentation, molds form, accompanied by very great 
heat. It is common for a manure heap to be so hot about a 
foot below the surface that one cannot take hold of the material. At 
Nagpur it has been found desirable to throw some water on the heap 
in the hot weather, grass is also placed over the top and a thatch in 
addition, to keep off the not the rain I With the pure cattle 
manure there is not much difficulty, but when bedding is also present, 
the heap is if anything too dry. It is probable that we have much to 
learn yet as to the best way of storing farm manure in India, The 
“box" system has been tried at Nagpur for some years, the 
amount of manure gradually rising to four feet in depth, and the same 
system is being tried also at Cawnpur. No evil results to the cattle 
have ensued so far, and if no other difficulties are met with, it 
will probably mean a considerable gain in the manure supply on the 
farms. 

At only two places in India have I found the cultivators’ cattle 
kept standing on the manure. In the Bahraich District, around 
village Jarwal, and in the neighbourhood of Kinhauli, Bara Banki 
District, the cattle are kept under sheds with some bedding material, 
and 6 or 8 inches of manure gradually collects. The other 
instances is the method which is in vogue in some parts of Gujerat, 
The cattle are herded at night in a pen, which is set apart for the 
purpose, and the manure is allowed to collect on the ground until 
required. At the time 1 visited Gujerat in 1895 (March), the manure 
was naturally all dry and formed a layer about 4 to 6 inches thick. 

IJ.-CATTLE BEDDIXO MATERIALS, 

17. That it is an advantage to employ bedding under cattle in 
Europe needs no assertion here. T he advantages of the system are 
well recognised and the practice is general. In India, on the contrary, 
cattle are generally tethered without any bedding at all, the excep- 
tions to the rule which have come under my observation being the 
parts of Bara Banki and Bahraich to which I have referred in the 
previous paragraph, and the practice of tea and coffee planters. Dr, 
Vooloktf in dealing with the question of bedding cattle so as to 
collect the urine (paragraphs 146 to 149 of his Report!, refers to the 
argument used by cultivators tlut they have no straw for bedding, 
and proceeds to mention various refuse materials which are generally 
found in villages. 

18, In England much more is spent on both food and bedding for 
cattle than in India, and doubtless the English farmer can afford to 
apend more than his Indian compeer. The value of farm animals 
(^erally U much greater in England, and the supply of straw, etc., 
umilahU for bedding is also larger. It must not be supposed, how. 
ever, Oiat the English Uraer has unlimited supplies of straw. On the 
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contrary, both peat and saw dust are being used for stables and 
cattle byres which shows that the home farmer has to pay a price 
for his bedding material. Straw of 

19. Judging by enquiries I have made w!icn on tour, it would seem Indian awi 
that the refuse of various crops, that is, the parts which are not used ftp 

for human consumption or in the arts is mostly put to certain uses 
and is really required. The straws> are largely fed to cattle and form ; 
indeed the main part of their food supply. Rice straw is employed 
largely in thatching. The small stems, leaves and husks of the 
pulses are a^so fed to cattle ; thick stems, those of arhar and the 
castor-oil plant are used in thatching ; those of indigo are largely put 
on the land for manure (which is their proper destination) though 
sometimes it is used as fuel ; the megass^' of sugar-cane is required 
for fuel, the green leaves of sugar-cane are fed to cattle, the dry 
leaves are largely burnt on the field. The dry leaves of trees are 
used largely for grain parching. Thus taken as a whole, it would 
seem that the major portion of the stems and lea\es of the crops arc 
put to other uses, and one cannot say that the practice is bad in 
general. 

20. Indeed the only point in the system which appears to me to 
be faulty is the burning of the dry leaves of sugar-cane, which is done i^ves avail 
in the field after the crop has been lemoved and is certainly wasteful. 

So far as this material is concerned, I may say that it forms an 
excellent bedding material, it is the only one employed at the 
Cawnpur Farm. Nor can it be said that this is a very small item. 

In the North-Western Provinces there are i,ooo,oco acres of sugar* 
cane, the weight of dry leaves will not be less than yoolb per acre 
which would be a very liberal supply for two beasts for a year; thus 
the sugar-cane of the Province would, taken as a whole, supply 
bedding for 2,ooo,cx)o or about one-third of the work cattle. Of 
course sugar-cane is not uniformly cultivated even in the one province— 
m some parts it is less cultivated than in others, so that it would not 
be true to say that one out of every three of the work cattle of every 
village might be bedded with the dry sugar-cane leaves of the village; 
but sugar-cane is so \ery generally cultivated in villages throughout 
India, that it must be allowed this material does by itself really form 
a very large and general supply. But apart from this and allowing 
that there is a scarcity of bedding material, the Scotch proverb, 

“ Many a micklc makes a muckle might be appropriately quoted as 
indicating how more bedding might be found. Any one who has 
watched cattle feeding on such things as juar stalks and even straw 
in the villages, must have observed that there is always some wastage. 

There are also the leaves and other dry vegetable debris of every 
village, and certainly some of this would serve the purpose under 
consideration. It is in this manner that the bedding supply of the 
country might be augmented. If the people practised economy in 
this respect as they do in many other directions, a very great increaae 
in the manure supply would be the immediate result. 1 have cometoT 
the same conclusion as Dr. Voaloker in this matter, namely, that the* 
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people do not in many parts know how to preserve cattle manure 
properly; it is a matter which can only be explained to them 
gradually, and, as agricultural education spreads, \\ e may anticipate an 
improvement in the practice of this chapter of agriculiuial economics 
21. There is possibly another means of securing cattle urine, 
instead of emplojing bedding, and that is by spreading loose eartn 
in the stalls. Dp. Voeloker m paragraph 14b of his Report mentions 
this, and It is certainij a means which deserves tnal. An experiment 
IS now being conducted at the Cawnpur Farm with it, but the 
experience gained is too short to admit of an opinion being formed, 
1 he principle is perfectly sound. It is based on the fact well known 
that eaith forms an excellent absorbent of various soluble matters. 
It will absorb, t.e , take up such things as potash and ammonia 
salts, and organic matters from their solution in water, and the drain- 
age water passing away will be found to be poorer in them than 
before. Moreover, in actual practice the amount of earth required to 
wholly absorb urine and thus to allow no drainage whatever is not 
great, and if it be dried, as it may readih be, throughout the greater 
part of the year, in a few hours, the same earth may be again 
employed and again dried How long the process might be repeated 
on the same quantity of earth is a que'^lion which experiments alone 
can decide Other questions may doubtless occur in practice, but 
it IS probably a practical way of securing the greater part of the 
unne deposited in the villages. 

2 2. One set of anaUses which I made to test a point in relation 
to this subject maj here be detailed. 

In paragraph 16 I have explained that in Gujerat the village cattle 
arc jxinned in an enclosure, and that the manure is allowed to collect 
I look three samples of the earth below^ the manure, the first being 
the top soil i' — 6", the second, the next soil underneath, 6''— i 6\ and 
the third from the depth 1' 6” — 2 6* The proportion of Nitrogen 
was determined in each in order to see how far ihe soluble Nitrogen 
compounds had descended , a sample of the surface soil from the 
neighbouring (ncc) land was anaUsed to indicate the amount of 
Nitrogen in the sod generally, The soil was of the tv jxi known 
as *' Wack cotton,*' and as this is one of the most “ open '* soils know n, 
one would expect the salts to pass lower down than in such a soil as 
that of ihe alluvial areas. Statement No. Ill contains the figures. 
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It will be seen (hat the amount of Nitrogen in the sell at 6* deep 
(•045) IS rather less than in the nee land soil, and since the propor- 
tion of Nitrogen in the soil at 1' 6" is very little different from that at 
6", it may be assumed that none of the ammonia salts had passed 
lower, if as low down as 6", t.e , llte ffrst few inches of soil had 
retained the valuable salts of the urine entirely. '1 he analysis of one 
sample of cattle urine from the C3’'/8pur Farm may here be quoted. 
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III.-NJOUT-SOTL AND TOWN REFUSE. 


23. That the night-soil and other refuse of town and villages is of 
great value as a manurial agtnt requires no assertion here. It is a 
fict well known to all. Further that a great part of the materials 
thus included go directl) on to the land is also well known. The 
customs of the people inhabiting “hamlets” and the outskirts of 
towns and large villages secure material economy in this matter. 
On the other hand, there is a large part which is not’ brought directly 
on the land, but has to be carried from the houses In large towns 
various S) stems are in vogue for dealing with this, in villages the 
need of a sjstem is patent to all who pass through their bye-paths. 

24 Regarding the proper di'.posal of these matters in the case of 
large towns, there are several methods in use and three of them have 

been dealt with n The Agtt.uUural Ledger No. 16 0/ i8gs 

cultural Senes, No. 15) and do not require more than a mention here 
Thev are the “ poudrette," the “deep trench ” and the “shallow 
trench "sv stems and are emploved for the disposal of human fceces. 

25. The composition of poudrette will vary very considerably 
according to whether it be dn or damp, or whether much or little 1 
ashes are emploved in its manufacture The poudrette employed 
for the Poona sugar-cane experiments has usually contained from 
15 to 25 per cent of moisture, and from *9 to i i per cent, of 
Nitrogen. The Cawnpur poudrette has generally contained more 
earth and less moisture (only about 3 to 6 per cent of water) ; the 
proponion of Nitrogen has varied from *4 to 7 per cent. 1 he propor- 
tion of Phosphoric acid varies very much more and depends probablj 
on whether ashes are largel) employed in its preparation , one sample 
from Poona contained only *2 per cent., whilst another contained 
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a6. Regarding its value as a manure the following experiments Yatae of 
may be quoted. At Cawnpur it has been applied for 14 years to maize Moidswue, 
(two plots 1 and to wheat (two plots). The following Statements 
Nos. IV and V contain the results— expressed in pounds per acre. ( 
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In several years the maize crop has failed on account excessive 
rain. The Statement No. IV exhibits the means of three periods of 
three years each. The outturn obtained with Cattle Dung is also 
inserted for comparison. In the two “Standard” Series maize and 
wheat respectively is grown every year, whilstin the “Duplicate'' 
Series maize and wheat alternate with one another. There are two 
“ Duplicate ” Series of plots on which wheat and maize are grown in 
alternate years, so that a maize crop ts obtained from either the one or 
the other “Duplicate” Series of plots each year. Although the 
results are not quite uniform, it is clear that a larger outturn of maize 
has been obtained from 180 maunds of poudrette than from a like 
weight of Cattle Dung. 

In the case of wheat, the outturns of which crop are detailed in 
Statement No. V, the 180 maunds of poudrette has not produced 
much more wheat than the same weight of Cattle Dung. 

At Poona, in the case of the sugar-cane grown in 1894-95 *tnd 
1895-96, there has been obtained in both years a mucA larger amount 
of sugar from the plot manured with poudrette than from the one to 
which an equivalent amount of cattle manure was applied. Thus, 
these experiments indicate not only the increase of produce due to 
poudrette, but show that the poudrette has, in the case of maize and 
sugar-cane, produced more than a similar weight of cattle manure. 

27. One important point must also be referred to. It may be 
advisedly asked whether the same weight of poudrette and cattle 
manure really means approximately an application of like amounts of 
plant foods, c.f Nitrogen, Phosphoric acid, etc. It is only during the 
last tear or so that any analyses of the manures employed at the farms 
.have been made, and consequently we know nothing of the composi- 
tion of the poudrette and cattle manure which was applied at Cawn- 
pur during the years to which the statements refer. But if they have 
been generally of the same quality as that employed recently, both 
these manures will have contained much about the same amounts of 
Nitrogen. The amount of Phosphoric acid has probably varied a 
good deal, but since the experiments generally at all the farms indi- 
cate that Nitrogen is the principal controlling factor for (at least) 
cereals, millets and sugar-cane, it may be assumed that the manures 
have really been applied in equivalent quantities. At Poona the 
manures were analysed each year and approximately equal quantities 
of Nitrogen applied. ’ 

Some information relative to the amount of night-soil available 
which I have received from Meerut and Nagpur will be of interest. 
A part of the night-soil and sweepings of Nagpur is brought to the 
farm, and there converted into poudrette for the colony of Kachis 
which were imported in 1882 by Mr. Fuller from the North-Western 
Provinces. About 400 cubic feet of night-soil and I40 cubic feet 
of sweepings are obtained daily from a part of Nagpur, the popala» 
tion of which is 24,000. The above quantity is sufficient to fill one 
pit and forms about at 8 cubic feet of poudrette (a considerable 
quantity of liquid apparently drains through the bottom). When this 
pondrette is considered fit to put upon the land, it weighs about 
6 ,36 o&; the loss dne to diainage and drying being Sf^ierently eqoaJ 
to mote than 70 per cent. The poudrette manoies 33*7$ acres, sad 
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the average amount of poudrette applied per acre is thus equal to 
(6>26 i X 365-f-23*75) = 96,22oft or some 43 tons. This, it may be 
mentioned, is similar to the amount of poudrette which the cultivators 
around Poona employ for sugar-cane. At Meerut the Municipality 
removes about 210 maunds of night-soil daily from the cky, the 
population of which is about 73,cx>o, This is trenched and not made 
into poudrette, and manures 16 bighas, or only about 3 acres 

annually. If U were converted into poudrette, and assuming that 75 per 
cent, is lost as at Nagpur, it would form some 4,oooBE) of poudrette 
daily, or more than 6 x> tons annually. It is, however, applied direct 
to the land and the losses due to drainage cannot approach tho^e 
obtaining at Nagpur ; the manure must be assumed to be equivalent 
to much more than 6oo tons annually, and thus tht rate is probably 
equal to more than 200 tons per acre ^ 

The sweepings of the Meerut streets are partly used for brick- 
burning and partly put into pits, which are sold Uter. Each pit 
receives the contents of 60 carts ; i cart contains 30 maunds ; this 
quantity (i,8cx) maunds) is commonl v applied to 4 bighas kucha or, say, 
t acre, which is equivalent to about 80 tons per acre. Sweepings are 
not generally nearly so concentrated a manure as poudrette; assuming 
them to be half as valuable, this rate becomes about equivalent to ihat 
which the Nagpur Kachis apply. At Allahabad, where the shallow 
trench is employed, 70 gallons of nighl-soil is applied 10 9 square 
yards which is equal to [ (70c x 4»840) (9 x 2,240) ] about 168 tons 

per acre; but the land is only manured once in 10 years. 130 to 
140 carts (70 gallons each) of night-soil and 70 cans (i ton each) of 
sweepings are here applied dail), and manure about 200 acres of grass 
land annuall}, and since one manuring is assumed to be sufficient for 
10 years, the total area manured is assumed to be 2,000 acres. 
Although this land onl) produced grass, the produce per acre is very 
high. For instance, the following outturns are published in State- 
ment C (page 1 4^1 of the Report for 1892-93 : — 782 maunds per acre,, 
land manured 5 years previously; 257 maunds from lands manured 
7 and II years previousl} ; 850 maunds from Und manured 5 years 
previously; 277 maunds from land manured during preceding 
4 years; 378 maunds from manured land. Thus from 10 to 33 tons 
of green grass (equal to 3 to 10 tons of ha\) is removed per acre, and 
is equal in its reauircroenis on the soil* to the heaviest agritullural 
crops grown. The foregoing illustrate the comparative areas on 
which night-soil and sweepings are applied. The Allahabad rate, 
though high in the first instance, is much the lowc'^t in reality, being, 
in the case of the nighusod, about 17 tons per acre per annum. 1 he 
rate of about 43 tons of poudrette per acre per annum at Nagpur and 
that of 80 tons of sweepings at Meerut arc certainly high ; but when 
the weight of nlght-sod applied per acre at Meerut is considered, it 
must be admitt^ as being aliogeiher far too high for any land. It is 
not improbable that the same manure might be pot on five times the 
area and still yield as good crops. 

s8. Front towns there is also that refuse which may be designated 
Sweepings,** and which includes all the various materials which are 
swept trom the suecu. Considcied to comparison with many other 
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manures, this material, although it will varj considerably, is not a very 
rich manure. A sample from Poona contained ‘4 per cent. Nitrogen 
and one from Dumraon *3 per cent. Nitrogen. Its quantity, however, 
is very large, and, provided it can be utilised near a town, it becomes 
a very valuable item. If its proportion of Nitrogen be low, it, on the 
other hand, contains in addition a considerable amount of organic 
debris and ashes, materials which assist in opening up the soil. As 
examples of how it is disposed of the following may be quoted. 

At Allahabad it is bought for the grass land of the Commissariat 
Farm where it is applied in two ways : (i) it is simply spread on the 
grass land; (3) it is put into trenches, 1 foot deep and 6 feet broad; 
the latter is naturally far more expensive than the former, but a 
much greater quantity is applied per acre and the effect will be 
correspondingly more lasting ; where the land has become very 
hard through long periods of grazing this method will probably pay. 

At Meerut the material is stored in pits and .later sold to culti- 
vators. At Nagpur it is utilised in the poudrette pits. On the other 
hand, very large amounts of sweepings are annually consumed in 
brick-kilns ; at Meerut, Cawnpur, Dumraon, Nagpur it is thus used, 

39. In addition to the night-soil and “sweepings” there is 
another refuse material obtainable from towns, namely, the “ Sullage ” 
or Drainage Water. This is, I believe, not generally brought upon 
the land, but is allowed to run into the nearest river. Its value will 
doubtless vary according to the amount of water passing down the 
drains, but at Meerut, where it has recently been used on the demon- 
stration farm, two irrigations with it caused about one hundred per 
cent, increase in the case of cotton, maize, juar and oats, the four 
crops experimented with. The outcome of these experiments was 
that cultivators commenced forthwith to set up “Dhenklis” for 
raising the water on to the fields. There is probably room for a very 
large extension of the practice. 

30. Another source of town manure which, though limited, is fully 
worth mention, is a portion of that produced in jails. Generally 
it may be said that nowhere is more economy shown in the utilisa- 
tion of manure than in the case of jails. The night-soil and urine as 
well as whatever cattle manure is produced, is brought on to the jail 
garden and very heavy crops of vegetables grown. 

This first case which I had an opportunity of examining was 
the Presidency Jail Garden, Calcutta, and I obtained through 
Mr. Donaldson, the Superintendent, some figures relative to the 
amounts of manure there used. Besides some 3,40x2 maunds of 
food stuffs grown in the garden, there was imported 3,700 maunds 
of pulses and 840 maunds of straw, and the whole of the manure was 
regularly trenched in the garden. This meant practically a very 
large importation of “manure” indeed; not less than 10 times as 
much of both Nitrogen and Phosphoric acid as there was in the 
vege^les grown. Of course for gardens it always pays to manure 
heavily, but it is (m>bable that in such a case as tte one quoted the 
mannre might have been employed more advantageously on a much 
larger area. 
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Meerut recently Mr. Wyar, the Collector, has been experi- 
meQting with the utilisation of jail urine. It has been found that the 
jsil garden can do without the urine, and it is simply thrown into 
pits which are afterwards filled up. It is, in the undiluted state, liable 
to “ burn up ” crops, and for this reason as well as the difficulty ex- 
perienced in carr)ing it, it is not taken by the cultivators. Mr, Wyer 
has, therefore, commenced to try the experiment of absorbing it with 
dry earth. It has been found that a maund of earth will absorb [if 
added graduallv) two maunds of urine, and since this becomes a 
dry material which can be carried in an ordinary cart, it should prove 
a very practical way of disposing of it. It would seem probable that 
there is a certain proportion of the manure produced in jails which 
would become available to the cultivator. 

31. VilUtge Night-soU. — Although in villages much of the night- 
soil goes directly on to the land, there is frequently no small quantity 
which does not. For example, one generally sees a dark coloured, 
most objectionable liquid oozing through a small hole from the houses 
into the road or into a small excavation at the base of the wall. 
This may be sometimes periodically removed to the fields, but in 
other cases it certainly accumulates, or rather runs away and never 
reaches the land at all. It is not the object of this paper to touch 
upon village sanitation, but I may mention a case which came under 
my observation and which seemed to be distinct improvement on the 
general run of things. 

At Kaisarganj in the B.ahraich District there is a fairly well-kept 
hole behind each house into which not only sullage water, but also 
alt sweepings, etc , are stored. In such a case the dry materials 
absorb the sullage water, and the whole may be readily brought upon 
the land. 

33. Although it is thus apparent thatagreat deal of useful manure 
is being regularly brought upon the land from towns, there is sull, I 
am convinced room for cbnsiderable development of improved practice 
I and corresponding gain both to the towns from the sanitary point of 
view, as also to the cultivator. Apart from the cost of collection, etc., 
a difficulty doubtless also lies in the cost of carnage. The manure 
might, I feel sure, be economically employed over a larger area if, 
instead of the poudrette system, somethmg like the Allahabad 
"shallow’’ trench could be adopted. A hopeful sign is the fact that 
both at Poona and at Cawn^r the price of poudrette been nsing very 

considerably ol late. At Poona the best poudrette sells at R4 per cart 
load and atCasmpur the pnee has risen from annas 4 to Ri per load. 
It It perhaps rash to speculate too far, but if it pays to carry nre-wood 
at Changa Man^ on a “light” tramway, it is quite possible that it 
wouM pio^ Muoicipalities to transport night-soil by the same means. 
There is generally little or no " pash ” exhibited by Municipal bodies 
. in relation to the disposal o( city refuse. If it were look^ at more 
j as a soorce of income than one of nuisance, much more might fre- 
I qnently be made out of it. At Meemt. for esampie, it has beceme 
I in a few yean from a debit charge of some Rio,oootoan actual 
i source of profit. An establishment, such as tbc little danowtrarion 
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fann at Meernt, may readily become (as in the instances quoted) a 
means of exhibiting the value of these manures to the people, and 
thus also an indirect road to enhancing Municipal revenues. 


jr.-OILSEED CAKES. 


33. In paragraph 137 of Dr. Voelohor’f Report, attention is directed 
to the question of the export of oilseed and oilseed refuse. As is 
well known the oil of a seed has no manurial value, the oilseed 
refuse, on the other hand, has a very considerable one, and Dr. 
Voelokor urges that it is not good agricultural economy to send this 
material away— that rather the oil should be expressed from the seed 
in India and it alone exported. The "oil -cake” obtained should 
then be either fed to cattle or be applied to the land direct as a 
manure. That oilseed cakes have, with one or two exceptions, both 
a high feeding and a high manurial value there is no doubt. It is a 
fact well recognised in Europe generally and large imports of these 
materials are made from both America and India. Before going into 
particulars we may say that the exports from India are steadily increas- 
ing in all respects, vis,, in oil, in oilseeds and in oil-cake, but more 
especially in the case of tlie two last named. The important question 
is naturally, " What is this export really equivalent to so far as India 
in concerned ?” Admittedly in a country where manure of all kinds 
is scarce, compared with the supply in some of the leading European 
countries, any deliberate export of materials useful as manure, is 
a mistake from the economic point of view. The trade, however, 
exists ; a price is offered to the Indian cultivator for these materials 
and he accepts it. But since they are bought by agriculturists of other 
countries for precisely the same uses as those to which the Indian 
cultivator mtgA/ put them, it seems clear that an economic blonder is 
being committed. It is true that they are not only imported into 
Europe as manures, but, also, and this primarily, as cattle foods. In 
India they should he also employed in the same manner, for both the 
work cattle and land in India are even more hungry than are the 
fattening stock and the land of Europe. It becomes indeed a ques* 
tion as to who will pay the higher price for them — the European or 
the Indian agriculturist. It is quite clear from the fact that the export 
trade in oilseeds and oil-cakes is on the increase, that af present the 
European values these materials at a higher rate than the native of 
India; their price will only be increased in India as the people 
become more aware of their feeding and manurial value. 

It is a case where demonstration can play a useful part, and as 
Dr. Voelokar has pointed out in the paragraph referred to, this should 
be taken up by Agricultural Departments. 

34. Since the object of this paper is to show what the value of 
various oilseed cakes is as manures, their value as foods will not be 
discussed ; the fact that they form in many cases very valuable fodders 
most nevertheless be kept in mind. The principal oilseeds of India 
sve Linseed, Rape and Hazard, Sesamum, Cotton, Eoxthnot, 
Safflower, CoctMumt, Castor, Afahuh (Bassift UtifoUa), Poo g a mi a i 
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glabra and Poppy ; the first seven are edible, the last four are not 
so. 

35. Lineeed. — ^There are over four million acres of linseed 
grown annually in India to which must be added 3f million acres on 
which it forms a part of a mixture of crops. The pure crop is grown 
principally in the Central Provinces, Berar, North-Western Provinces 
and Bengal; the mixed crop is grown principally in the North-Western 
Provinces. The total average outturn is estimated to be about 

647.000 tons. The seed is largely exported as such. In 1888-89 

420.000 tons were exported, in 1894-95 the corresponding figure 
was 450,000 tons. In addition to this, 95,000 gallons of linseed oil 
were exported which is equivalent to about 1,200 tons of seed. 
From this it appears that nearly J of the seed produced is exported 
as such, leaving about ^ for consumption in India. No details of the 
exports of linseed cake are available. Linseed cake has not, so far 
as the writer is aware, been employed direct to the land as a manure 
in India. Its value as a food is so great that its price in Europe prohibits 
it being used as manure. It contains from 4 to 5J per cent, of 
Nitrogen. 

36. Hape and Mustard Seed — About 14,700,000 acres bear 
different varieties of rape and mustard seed, of which some 9,700,000 
acres bear other crops at the same time, rape or mustard forming 
one item of the mixture. The estimated average outturn is 1,221,000 
tons of seed. Of this, 2^7,000 tons of seed were exported in 1894-95. 
In 1888-89 the corresponding figure was 150,000 tons, thus showing 
a considerably increased export. In addition 175,000 gallons of oil 
were exported in 1894-95 which is equivalent to about 2,100 tons of 
seed. Thus much the greater part of the seed produced is con- 
sumed in India ; it is pressed and the oil-cake is regularly fed to 
cattle. Regarding the jnanurial value of the cake, no experiments 
have been made in India, but it has been employed for this purpose 
for many years at Rathamsted in England, and there i,oooIb of 
rape cake have produced a rather larger outturn of barley than 14 
tons of famiyara manure. It usually contains, when pure, about 
5 per cent, of Nitrogen, but there is frequently less than this on 
account of an admixture of sand and earthy matter. 

37- Sesamum indteum, TU or CHngelly — The average 
urea under this crop amounts to 1,900.000 acres, the greater part of 
this area lying within the southern hall of the Empire. The average 
outturn is estimated at 1 76,000 tons. Of this the export as seed was 

1 16.000 tons in 1894*95. The corres^ding figure in 1888-89 ^as 

77.000 tons, the export of this seed W mg increased very consider- 
ably. In addition 3a5,ot>o gallons of the oil, eqnivalent to about 

4.000 tons seed, was exported in 1894-95. Thus it is seen that about 
f of the total seed is exported as such, leaving ^ for consump- 
tion in India. The cake forms a valuable caule food and is fed to 
cattle in India. Rewding the mantmal value of the cake no informa- 
tion is available. One sample analyaed, contained 5*4 per oenc of 
Nitrogen. 
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38. Cotton Seed . — The average area under cotton in India is 
about 14,500,000 acres, and the average outturn of cotton is estimated 
to be 3,777,000 bales of 40oIb each. From the weights of seed 
and lint obtained at Nagpur and Cav^npur, tho weight of the seeds 
may be assumed to be twice that of the lint, and the weight of seed 
produced in India may thus be calculated to be about 992,000 
tons. The export is very trivial ; in 1^94-95 it was 4,800 tons. 
Thus it is certain that nearly the whole remains in India. It is a 
valuable cattle food, and doubtless it is mainly consumed in this 
manner, though it is also probable that a very large amount is con- 
sumed by the milch cows and buffaloes in the towns. Regarding 
the value of cotton-seed cake as a manure, it has been employed for 
the sugar-cane crop at Poona last year, when it proved itself equal to 
certain other oilseed cakes and to poudrette applied (as they were) 
in proportion to their content of Nitrogen. It contains from 3-4 
per cent, of Nitrogen. 

3y. .ErrrfAnMf.— There is no definite information as to the area 
under earthnut. The crop is largely cultivated in Bombay (159,336 
acres in 1894-95), Madras (226,147 acres in 1894-95) and in Mysore. 
The crop experiments, which have been made in the Bombay Presi- 
denc), show that it is a heavy yiclder, and although the information is 
limited to some half a dozen weighments, i ton of seed per acre will 
not Ik an extravagant figure to adopt. Tho area above quoted 
(385.373 acres in Bombay and Madras) would thus account for some 

385.000 tons, but the total outturn must be much larger. The export 
of 1894-95 w'as 1 13,000 tons of seed ; that of oil 18,000 gallons equi- 
valent to about 200 tons of seed. The total outturn is not unlikely fully 

500.000 tons, and the export would thus come to about i of the whole 
production. The .seed is largely consumed as human food. It also 
forms an excellent cattle food and is crushed both by itself or with 
safflower seed. Regarding its manurial value we have indirect evidence 
obtained from the use of “ safflower and earthnut” cake in the Poona 
sugar-cane experiments in 1895-96, when it proved to be a very good 
manure. One sample of earthnut cake contained 7 4 per cent, of 
Nitrogen. 

40 Safflower Seed (Carthamus tlnctorius). — Regarding the 
safflower crop and the total outturn obtained there is very little in- 
formation. In Bombay 571,804 acres were under the crop in 1894-95, 
but no returns are available for other provinces. Nor is there any 
estimate of its expkort. The seed is crushed for its oil in Bombay and 
Madras Presidencies, and the oil-cake is a most valuable cattle food. 
The cake was employed as a manure for sugar-cane at Poona in 
1895-96 where it produced a very heavy crop. It contains 6-7 per 
cent, of Nitrogen. / / f /y 

4r Coeoanut Cake . — Although this does not belong to the 
class “ Oilseeds " in the general aca-ptation of the term, mention of 
it roust not be excluded here, since the coeoanut is a fruit which 
produces both an oil and a very valuable oil-cake which is largely 
fed to cattle both in India and in Europe. No information is 
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available as to the supply of this material, nor is its %'alue as a manure 
known. It contains about 3 per cent, of Nitrogen. 


42. Castor-seed Cake , — ^The area under castor-seed cake is 
only known for Madras and Bombay Presidencies ; 728,047 acres 
and 114,940 acres, respectively, were under the crop in these two 
Presidencies in 1894-95. In Bombay the outturn has been found to 
vary from 180 to over 400S1 of seed per acre ; the average outturn in 
Madras is stated to be 473fc per acre (Watt’s Dictionar)'). Since the 
plant is cultivated extensively all over India, the total area under the 
crop can hardly be less than 1,500,000 acres, and if 3008) per acre 
be considered an average outturn, the total would amount to some 
200,000 tons, and this is probably a low estimate. Of this 58,000 
tons was exported as seed in 1894-95 ; in addition 2,679,000 gallons 
of castor oil, equivalent to some 34,000 tons of seed, was exported. 
The oil-cake is not edible, but it forms an excellent manure, and this 
is well known to cultivators in all parts of India. For instance at 
1 Poona and in Gujerat it is applied to sugar-cane, at Burdwan it is 
employed for potatoes. The price too has risen very considerably of 
late years; for instance, at Cawnpur it could be bought for Ro-i 4-0 
per maund 10 years ago, its price now being Ri-8 and at Poona its 
price is R2 per maund now. In some parts there is a prejudice 
against it ; for example, in the Lucknow District I found that the 
people would not use it for the pan vine (Piper Betle) although they 
applied the rape-seed cake ; they objected to the castor cake as being 
“ unclean ” This is, however, merely an example of ignorant pre- 
judice in a very backward part ; the castor cake is Increasing in 
I value all over India. In fact it is attuallv cheaper at present to 
buy some of the edible cakes for manure than to buy castor cake. 
It is indeed partly for this reason that at Poona three different edible 
cakes are lieing applied as manures for sugar-cane. But the quality 
of castor cake varies to a much greater extent than is the case with 
most oil-cakes. Seeds, as a rule, are very uniform in composition, 
and when oilseeds are crushed, it is found that the proportion of 
Nitrogen which they contain does rtOt vary very greatly. In the 
case of seven samples of castor cake obtained from Poona, the per 
cent, of Nitrogen varied from 3' is to 4*13, whilst of six samples 
obtained from Cawnpur, Burdwan and Dumraon. the lowest con- 
tained 6'ii per cent. Nitrogen, the highest 8 0 per cent. ; thus if these 
thirteen samples really lepreseni the general quality of the cake in 
the respective places named, one may say that that produced on the east 
side trf India contained just twice es much Nitrogen as that pro- 
duced on the Bombay side. It is a curious case which deserves 
farther investigation. At some of the farms castor cake has been 
employed as a manure for certain crops. At Poona the resnlts of 
a yeara' experiments show it to be equal to poudrette, reckoned in 
the ratio of the Nitrogen content At Burdwan it has been compared 
with cattle manure for rice and jute for several years, 6 maunds of 
castor cake have produced nearly as heavy a rice crop as 150 
maundt of cattle manure, the amoont of Nitrogen in the castor cake 
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applied being probably very much less than in the dung ; in the 
experiment with jute the outturn from the plot manured cattle 
manure has been generally in excess of that from the plot to which 
castor cake is applied, bui since the amount of plant food supplied 
in the castor cake was probably much less than in the cattle manure, 
the comparison is hardly as simple a one as might be wished. 

43 . MahtM-se^d Cake (BassllA latifoia) ond KUranfi 
Cake (Pongamia g^labra). — The seeds of both these trees ai*e 
crushed and the refuse cakes form probably valuable manures. The 
Mahua cake contains (as judged by two samples from Poona) about 
2*5 per cent, of Nitrogen ; the Karanji cake (of which four samples 
have been analysed) contains from 3 5 to 4*0 per cent, of Nitrogen. 

They are not, I believe, extensively employed as manures. At 
Poona they are being employed for this purpose in the sugar-cane 
experiments, and they have so far done very well, but the data are too 
few to rely on at present. 

44. ^^Tosta — Under this name the refuse poppy-seed ‘‘heads ’’ 
is known in the Cawnpur District. One sample which I have ana- 
lysed contained 77 per cent, of Nitrogen. 

45. The foregoing gives an idea of the amount of oilseed and 
oilseed cake available in India, the amount exported as seed and in 
some cases the relative manurial value of the oil-cake. 

Regarding the export of the returns do not particularise 

between different sorts, but merely give the total of all sorts exported. 

This was in 1889-90, 14,800 tons; in 1894-95, 23,000 tons. iM’s 
therefore, an increasing amount. At the same time the main question 
is, what proportion of the w hole supply is being exported ? In the Proportion 
subjoined Statement No. V’l. are set out the outturn, the amount ex- sxportod, 
ported as seed, the amount of seed which is equivalent to the oil which 
is exported, and the total export of oil-cake, for those oilseeds for which 
estimates can be formed. 
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Of the total oilseeds contained in the above list, about one-third is ex- 
ported. But of safflower, earthnut, castor, mahud, karanji and cocoa- 
nut, the supplies of which are undoubtedly very considerable, no statis- 
tics exist which would show how much is exported and how much re- 
tained. It is very probable, however, that the proportion of these ex- 
ported is very much less than in the case of those enumerated in the 
statement, and consequently the proportion of the oilseeds exported 
must be considerably less than one-third of that produced. The 
amount is nevertheless very large indeed and if the oil-cake could be 
retained it would mean a very considerable supply of food and manure 
which might be converted into an increase of food grains. 

46. It may be urged that since some of these oil-cakes are utilised 
by the people as cattle food, it is a mistake to demonstrate to them 
their value as manures, thus inducing them in a measure to take 
from their cattle a part of the little extra concentrated food which they 
at present enjoy. There are generally two sides to a question, and the 
present one forms no exception to the rule. Mr- Mollison puts his 
view of the matter in the following terms (paragraph 15, page 30 of 
the Poona Farm Report for 1894-95). “There are several edible 
oil cakes now used for feeding cattle in India and largely exported, 
which can be bought in Poona at a considerably cheaper rale per ton 
than the castor cake and karanji (Pongamia glabra) cake now so 
extensively employed as manure Dr. Leather’s analysis proves that 
the edible cakes contain much higher percentages of Nitrogen (the 
most valuable constituent of manures) than the manure cakes, and in 
our extended scheme of comparative manure experiments started in 
the current season, the value of the edible cakes as manure is being 
tested. I had no hesitation in proposing this trial, because these edible 
oil-cakes are either exported and thus lost to the country or they are 
chiefly fed to milch cattle in large lowms. The solid and liquid ex- 
crement of these cattle ianot used as manure. The urine drains away 
somehow, whilst the dung is sold (in Bombay, for instance, at 8 annas 
a carl load) to be converted into cow-dung cakes and burnt as 
fuel.’' 


j 47. This may prove one way of saving the oilseed cake for India. 

On the other hand, there can be no doubt that the true economy is to 
j feed the edible ones to cattle and to apply the dung to the land. In 
I this case, in addition to the albumiRoids, the carbohydrates, which 
I form the greater pan of them would help by sustaining the vitality of 
' the work cattle and the greater part, probably 90 per cent, of the 
] Nitrogen would still go liack to the land. As already pointed out, 

I this IS the economy ahich is practised irt Europe, ana it is for these 
' two purposes ihat the European farmer buys these cakes, and he will 
' probably be able to offer a higher pnee for them so long as the same 

( value is not pul upon them by the Indian farmer. We may be a 
long way from tnc time when this creed can be effectively taught to 
the Indian cultivator, but it is the one uhich should be professed by 
lecturers on agriculture, and the seed Uius sown may some day bear 
fruit. 
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r.- BONES. 

48. Owing to the value which bones, both ii^ ^ 
up condition as also in that of “ Superphosphau ^ 

Bone,” have been found to possess in Europe tu 
principally Turnips and Mangel Wur^els, it has been ^ 

they are of equal value to the Indian cultivator, and mucnra'd^re^'»fci„, 
said against their export. Unquestionably the export is large ; it is 
jOTobably even a large proportion of the bones annually available. 

The exports have, moreover, increased steadily from 18,000 tons in 
1884-85 to 76,000 tons in 1894-05. The main question, however, so ^ , 

far as agriculture is concerned, is, what are bones worth as a manure ? P®|^ 

If they produce little or no increment to the crops of the Indian 
ryot, it must be admitted that there is no such want of agricultural 
economy as has been urged so frequently. Now fresh bones may 
be said to consist principally of phosphate of lime and nitrogenous 
substance (gelatine), they will usually contain approximately 45 to 50 Composition 
per cent, of phosphate of lime and 3 to 4 per cent, of Nitrogen. It bones, 
is clear, therefore, that their principial constituent is Phosphoric acid. 

They have been found in England to exert, when applied in moder- 
ate quantities of a few cwts. per acre, a very considerable influence 
on the root crops and grass lands, whilst on cereals they have ex- 
erted a much smaller influence when applied in the above indicated 
quantity. Of course if they be applied in larger amount, so as to applied a» 
supply a reasonable amount of Nitrogen, it might be expected that “wnuf#* 
cereals would be benefited by them more or less. 

49* B is important to bear this question of quantity in mind, 
because one might legitimately ask, if it pays to apply oil-cakes as 
manures, some of which only contain about 4 per cent. Nitrogen or 
less, why should not bones be also applied for the sake of their Nitro- 
gen. As a matter of fact, this question. w.ns considered when the 
present sugar-cane experiments were about to be instituted at Poona 
in 1694. Bones could then be obtained for R24 per ton, and debit. Inoveaseln 
ing the whole cost to the Nitrogen in them, it was one of the cheap- 
est forms of nitrogenous manure then available, and they were 
accordingly applied as a nitrogenous manure. During the following 
twelve months, however, the puce of bones near Poona became more 
than double, and they could no longer be considered a cheap “nitro- 
genous manure. Their market value is due to the phosphate they 
contain, and they can only be recommended to the Indian ryot if they 
are ound to possess a special value for certain crops in the same 

way as they are found to exert a special value in England for the root 
or grass crops. 

50. A number of experiments have been made at the different 
farms, and it will be well to consider these in some detail. 'SSSjJ® 

.k^*^f\***^ ^^”^0 (Lsthynit satiwus) have been grown on six plots 
at the Uumraon Farm; three of the plou have been manured with Damnwa. 
k™****!?* ^ ^. 9 *® ) of bone meal before sowing. Statement No, VII, 

•how* the weight of the crops, the upper part giving the outturn of po^y, 
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. of kesari. With one or two exceptions, the out- 
the same on the unmanured as on the manured 
.lernate with one another, so that the negative result 
manure cannot be referred to inequality of the soil. 


I'd. VII. — Showing the outturn per acre of I-addy, Grain 
and Straw in the experiment with bone manure. 


Dumraon. 

No. of 
Plots. 

Area in 


1893-94. 

1894-95, 

square 

yards. 

Special treatment* 

Grain. 

Straw. 

Grain. 

Straw. 

13 

15 

800 

800 

800 

/Bone manure at 6\ 
i maunds per acre. ^ 

Ib 

806 

831 

793 

ft 

U 474 

1,424 

1474 

ft 

837 

827 

855 

ft 

1,663 

1. 125 
1.125 

1 


Average outturn • 

810 

^4S7 

839 

1.305 

00 

800 

800 

80C) 

1 Unmanured • ^ 

819 

793 

855 

1449 

U363 

I- 35 I 

1 840 
883 j 

2,849 

1.531 

1.665 



Average outturn 

8.22 

1.387 

1,018 

2,015 


Statement showing the outturn of Kesari, Grain and Straw in the 
e.xperimtnl with bone manure. 

Dumraon. 


No. of 
Plots. 

Area in 
square 
yards. 

Special treatment. 

1893-94. 

1894-95. 

1 

Gram. | 

1 

Straw, j 

Grain. 

1 

Straw^ 

i 

1 



1 

1 

a 1 

ft 

ft 

ft 

*3 1 

1 BOo 

) f 

lr 240 , 

1.363 

1,117 

1.257 

>5 

1 800 1 

> No additional manure < 

1.134 , 

1.153 

1.073 

1.240 

17 

' Boo 

1 

j> ^ 

9^5 1 

967 

1,101 1 

-1 

14II 

1- 



1 Average outturn . . 

1 1.093 1 

1 

I.161 

1.097 • 

Ii302 

u 

Hoc 

) < 

1 ■" ’ 1 

1,166 

1 

Ir 2 l 4 

1.383 

1,819 

16 

800 

> Untnanured . • 5 

1,066 . 

1.104 

1.364 

1.759 

18 

800 

) C 

1 1 

930 

1.365 

1,013 



Average ontturn 

I 

j «.o8a 

..5.0 1 

1.797 




(a) In another experiment at the same farm wheat has been grown 
on five plots of lend ; one received no manure, two have had 6 mannda 
of bone meal, and two fi maonds of bone meal and 3 tnsnndi of 
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saltpetre. Statement No. VIII. exhibits the results. It is seen that 
the outturn on the plots to which bones were applied is rather less than 
where no manure at all was used, though the difference is not greater 
than one would expect to find from two different plots quite irrespec- 
tive of any manurial treatment. From the two plots to which salt- 
petre was applied in addition to the bone meal the outturn was very 
much larger. Thus, so far as this experiment goes, there is no doubt 
that bones produced no increase, whilst saltpetre added about 30 per 
cent, to the outturn. 

Siaiement VIII . — Showing outiurn per acre of Wheat tnthe 

experiment with bone meal, 

Dumraon. 


in lare 
>ar(l8 


Special treatment 


1894-95. 


No manure 


bcK) ') Bone meal at 6 maunds per f 
800 I ) acre ^ 


Bone meal 6 maunds and Salt- j 
petre, 3 maunds, per acre 


(3) At the Biirdw.in harm two plots have been manured with bones Burdwan. 
and two plots left iinmanured, the crop grown b'Mng nee. Statement 

o contains the results. In this case the bone meal has produced 
a ver> considerable increase in the crop, which has been more than 
double on the manured than on the unmanured land. 

(4) In another experiment (ztdt Statement No X.) at the same 
tarm. bone meal, and cattle manure have been applied for the jute 
crop one plot has remained without manure Regarding the rates 
at which the manures have been applied, the cattle manure has pro- 
bably .contained far mme Nitrogen and considerably less phosphates 
than the bone meal The bone meal has only produced about as 
much ji^ per acre as was obtained from the unmanured land at first. 

Alter bj^nng three crops, this unmanured land failed to produce a 
crop at all. There is no such decrease in productive power observ- 
fu f *il. ^®nd manured with bones, and it is probable 

that they have at any rate kept the land up to its normal standard, 

? *ooch greater yield has been obtaineo from the cattle manore 
whKb m^ be referred to the Nitrogen it contains, since the amount 
or rhosphonc acid has probably been much less than that supplied 
by the bones. ^ 
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(5) At Poona in the sugar-cane experinnents bones aftd bone 
superphosphate are applied to two plots, and these xnanuxes pluf 
saltpetre are applied to two others ; only the first year’s outturns are 
published, and these are given in Statenaent No. XI. for the four plots 
which are manu»^ed with bones. 

The weight of sugar from the plots manured with bones, bone 
superphosphate and bones and saltpetre are far below what was 
obtained with poudrette and oil-cakes , that from the pl6t receiving 
superphosphate and saltpetre about equalled these. But the cost of 
such large applications of bones is now quite prohibitive, and it has 
become necessarv to reduce the quantitj very materially. 

The large outturn from Plot 1 1 is possibly due to the Nitrogen in 
the superphosphate being m a more readily available form. It will 
be observed that from bones the lowest outturn is obtained ; then a 
larger outturn is obtained from bones and saltpetre and bone super- 
phosphate, both containing more readily available Nitrogen than in 
the bones alone, and the highest yield is obtained from the dissolved 
bones and saltpetre in which the amount of readily available 
Nitrogen was the highest. In any case the large amount of Phos- 
phoric acid has not shown itself of any advantage. 


Poona, 




Stalemtnt No. X I. Comparative Manures — Plots -J- cure each— 

Poona 


“S 

5: , 

'0 1 

® 1 

z 

i 


1894-95. 


Kind of manure. 

Weight of 
manure 
per acre. 

' K,' 

Nitiogen 
pet acre. 

Weight af 
gvX per 
acre. 

1 

1 

4 

5 

1 

Bone meal . • . . 

> Dissolved bones 

Tons. 

5 

6 

fii 

420 

434 

lb 

6 ,W 5 

9.870 

10 

Bone meal and saltpetre • 



9 . 97 S 

11 

Dissolved bones and saltpetre . 


;o?| 4.4 

* 3 »»»S 

12 

Poudrette • e • . 

43 

847 

J3.370 


(6) At the Nagpur Farm, wheat has been grown on two series of 
plots with different manures. The plots of each series correspond 
in the matter of manuring and cultivation, the onlv difference iMing 
that Series A is not irrigated artificially, whilst Series B U irrigated. 

For Series A we have 10 years’ results and the averages of the first 
and second five-year periods occupy the first part of Statement 
No. XII.; the Senes B was commenced in 1890, ana we have only five 
years’ results, the mean of these being placed in the second portion of 
the statement. The result of these experiments is fairly uniform through^ 
oot From an ^ipUcation of 36^ of bone-dust there has been 
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obtained hardly any increase over the outturn of the unmanured plot, 
from the plot to which saltpetre is applied a very considerable increase 
IS obtained, whilst when we add the bones to the saltpetre, only a 
slight further increase is obtained, due probably to the Nitrogen of 
the bones. ^ 
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(7) At the Cawnpur Farm four series of plots are employed to test 
the value of different manures for the wheat and maize crops. On 
one series of 13 plots wheat is grown every year, on a second series 
of 13 plots maize is grown annually; on the remaining two series of 
13 plots each maize and wheat are grown in alternate years, wheat 
being grown on one series in the same year as maize is grown on the 
other series. The manures for the corresponding plots of each of the 
four series are the same, thus Plot No. i of each series is manured 
with cow-dung and bone-dust every year just before the particular 
crop is sown. There is no plot which is manured with bone meal 
clone, but the value of bones is discernible from the comparative re- 
sults of certain plots which are supplied with bones and cattle manure 
and bones and sheep-dung. In the Statement No. XIII. are set out the 
mean outturns of maize and wheat obtained on certain of the plots. 
The experiments have been in progress for 14 years, but only the last 
12 vears are suitable for drawing conclusions from; also in 1887 and 
i 3 H 8 the maize was a failure and these years have been excluded for 
that crop, and as the Plot No 10 w'as only included in the experi- 
ments in 1884. the results obtained on plot No. 7 are taken for 
the same 9 years in the case of maize and for the same ii years 
in the case of wheat as are available for Plot No. 10. Plot No. 3 
IS comparable with No. i ; Plot No. 10 may be compared with 
No. 7, since in each case bone meal is applied in addition to 
the dung on one of the pairs. Plot No. 6 compared with No. 5 
shows the value of bone superphosphate. It will be seen that the 
bone meal applied to Plot No. i in addition to dung has increased 
ih'’ maize crop on both senes of j'lots ; in the case Of wheat, the crop 
has boi n increased on the “ Standard” senes of plots, whilst there has 
been a decrease on the ‘ Duplicate” Series. The results obtained 
wiih bone meal on Plot No 7 is less regular, there has been an 
me rcased outturn of maize on the “ Standard ” Series, and a decrease 
on the “ Duplicate ”, likewise in the case of wheat there has been a less 
OiiUurn on the average on the “Standard ” Scries, and an increased 
outturn on the “ Duplicate” where bone meal has been added to the 
dung. Of course, stricth speaking, there should have been at least 
as much grain obtained where bone meal was applied as where it 
was not applied, but in such experiments as these, and especially 
when one deals with a manure of such variable nature as cattle 
dung, exact results cannot be expected. On the whole, whilst there 
IS some evidence that bone meal has added to the crops, the gain 
has not been very great. ® 

Turning now to the third pair of plots, on one of which 3 maunds 
01 saltpetre, on the other 3 maunds of saltpetre plus 3 maunds of bone 
superphosphate has been applied, it is seen that the superphosphate 
has uniformly increased the crop, though here also the gain is not 
great. Superphosphate is, moreover, very expensive in India at pre- 
sent. It may be safely swiwirted that the same quantity of bones (as 
superphosphate), would have proiluced a very much larger return had 
It been employed for root crops in Europe. 
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Indeed it is doubtful whether it would pay the Indian cultivator 
to grind up the bones to use as manure for cereals, for this will cost 
full) Ri per maund. 

51. The results obtained at the different farms, excepting the 
Single case of the rice crop at Burdwan, show that the increased 
outturn of cereals is but very small, it is doubtful if one can depend 
on a definite increase at all This is also in accordance with the 
lesson which the Rothamsted and Woburn experiments have taught 
in England, namelv. that it is the root crop which will respond largely 
to an application of phosphates, whilst cereals are particularly bene- 
fited b) one of Nitrogen and here in India the experiments uniformly 
show that the cereals and millets are similarl) benefited b) a nitro- 
genous manure It mai be also added that, so far as the experiments 
have gone, there is fairh uniform e\idcnce indicating that the same 
holds good for sugar-cane Until, therefore, we find that bones are of 
considerabli \aluc to some particular crop in India, it can hardly be 
said that their export constitutes an\ serious loss to the r)ot. It is not 
suggested that further experiments on the manurial xalue of bones 
should be discontinued. On the contrari, experiments arc being 
cvimmcnced to test their value for both oilseeds and potatoes, and 
mots will also he included as soon as the necessar\ arrangements can 
be made. Ctilsecds and potatoes arc largeh cultivated , swedes are 
ex'ensiveh grown in the Panjab. and carrots are grown commonly 
in the North-Western Provinces ^ 


ri -SALTPHTBE. 


5*. The value of saltpetre as a manure is well recognised in 
Europe, and if us virtue in this respect is not also known in India, it 
IS certainlv app’ied indirectly is, a manure Thcic is hardly an) need 
to go into details ot its va'ue in this place. In The Aoricultural 
Ledi^er No. 14 of ( Medical and Chemical Series, No a) is set 
out the composition of a number of well waters, from Gujerat 
(Bombav) containing high proportions of nitrates which are known to 
the people to lie of great value to the tobacco crop, and the water is 
annuall) sold at certain rates t > the proprietors of the particular wells. 

Saltpetre ha.s also proved itself at the farms to be a valuable 
manure. Its value is probablv almost entirelv due to the Nitrogen it 
contains I have not found Indian soils wanting m potash One 
or two analvsts of the saltpetre generallv met with in the bazais mav 
bt here appropriatclv cjiioted, ^ 


Compofltloo, 


i^tatement lio 

Mot»ture 

Ntuatc of PotAsh 
Sodium Chloride 
Sodium SulphAle, etc 
Sand 


• — Compofifjoft of SampUi y Saltpetre, 


• 

• 

580 

II '?7 

> 55 

• 

• 

• 48 i)i> 

3501 

94 9 * 

• 


. 30-82 

20 94 

* 93 

• 

• 


14140 

1 21 

• 

• 

3 95 

1 1 2b 

'40 
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earth. 


The greater number of samples, which I have analysed, are de- 
cidedly impure and usually contain a lot of common saltv^ith a little 
sulphate. The first and second analyses in the statement represent 
two samples of very low quality, the third and fourth two of very high 
quality. The price and purity of saltpetre vary considerably in 
different places, sometimes it can be bought for R3 per maund, 
sometimes it will cost Rio, the price being generally (though not 
always) indicative of the purity. 

For example, two samples obtained at Poona this year were priced 
at R8-4 and R8 per maund, while they contained 86 and 60 per 
cent, of nitrate of potash respectively. It is in any case a very dear 
manure ; its Nitrogen costs about three times as much as the Nitrogen 
in some oil-cakes or in poudrette. 

53, Village Nitre-earth. — It is probable that in villages generally 
saltpetre forms in the gutters and wherever drainage collects, and nitri- 
fication can proceed. Saltpetre is frequently extracted from this, 
but in other cases this earth is applied as a manure. Three samples 
of nitre earth, which I have received from Cawnpur, contained 2*52 
per cent., 2’90 per cent., and 2 18 per cent, of nitrate of potash 


VJI-^THE SILT OF RIVERS, CANALS AND TANKS. 

J4. There is probably no more generally applied “ manure” in 
India than the silt of rivers and canals, and of tanks also where they 
are common. The term ‘‘ manure ” must be admitted here, because 
its meaning may be said to be essentially “ an application of plant 
food to the soil,” although, on the other hand, the amount of that 
plant food which silt contains in a given weight is very small com- 
pared with most other ” manures.” When one bears in mind the 
very remarkable part which water play sin manv parts of India during 
the monsoon periods, when the surface wash, whether from hill sides 
or from more level lands, is so great that clear water is not to be 
seen, it will be apparent that vast quantities of earth of one descrip- 
tion or another are transported, and in pan deposited at lower levels 
In some cases an absolute loss to the cultivator occurs, in others he is 
the gainer. It is not a part of the object of this paj^er to enter upon 
this transference of soil, excepting with the one purpose of illustrat- 
ing how It may become an agent for enriching the land. 

In the first place since India generally has only a comparatively 
small supply ot manures, even poor ones are of advantage in at least 
assisung to mainuin the ferulity of the soil. Especially in the case 
of canals is this deposition of silt a regular feature. Rivers more 
frequently take silt from the cultivated lands, but in those parts 
where they either flood the country annually as in Eastern Bengal, as 
likewise where they are dammed up and brought over the land by the 
people, as in some of the Eastern Districts of the North-Western 
Kovmces, they muti be adding to its fertility. Where tanks are 
employed as irrigation agents the mud which collects in them has 
been transported from the hills and u frequently dug out and 
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applied to the land as a fertiliser. At the same time all silt carried 
by nvers is not a blessing. If it consists principally of sand, it will 
probably do harm rather than good Such, for instance, is the case 
in the Hoshiarpur District of the Panjab, where enormous amounts 
of sand are brought down from the hills during the monsoon and 
cover up the good soil. Exact information as to the agricultural 
value of silt is almost entirely wanting. Some experiments are at 
present being made to estimate the value of silt brought on to the 
Und by canal water, and the first year’s results have gone to show 
that the amount of plant foods. Nitrogen and Phosphoric acid, in 
the blit of the Eastern jumna canal water is more than is taken from 
the soil by the nee crop, but is considerably less than what an 
average wheat crop will take up and very far less than what a sugar- 
cane crop requires, incidentally this result coincides with the 
general practice in regard to nee cultivation in India. Rice lands 
are rarely manured. They are usually clays, and the water passes 
from one field to another, removing and also, at the same time, 
depositing silt. Thus rice lands may be said to annually receiye a 
certain amount of silt from higher levels, and this may prove to be an 
explanation of why they can do without manure better than any 
other sort of lands.* 


Agrleultural 
value of sl)t. 


Riee lands. 


rill.-GBEEy MANURING, 

55 If a crop be grown and then, whilst green and immature, it 
be ploughed in, tYie land will be enriched with organic material, and 
rendered more open and its quality mav be thereby improved for a 
succeeding crop. This process is styled "green manuring." 
Indian soils are so generally poor in organic matter that it may be 
said the process is especially beneficial to them Another advan- 
tage probably accrues, for whilst a crop ib growing some portion 
of Its plant food wi'l come from sources which ixt considered "less 
available, xe less readily assimilated than that which is "readily 
available,” and when the plant is destroyed and it decays, this plant 
food, which mav be said to have been obtained with difficulty by 
the green crop, will be readily “ available ” to the succeeding one 
Thirdly, the peen crop will take nutriment from the sub-soil, and 
this wnll be deposited at the surface when the crop is "ploughed 
in ’’ Thus in such a case it may be said that the green crop adds 
organic material to the soil, increases the readily available plant 
food and cames plant food from the sub-soil to the surface , a pioint 
of some value to the young plant If the green crop belong to the 
sub-order papilionacea (nat. order leguminosa) it is probable that it 
will, in addition to the above, effect an absolute increase not only of 
carbonaceous matter, but likewise of Nitrogen from the atmosphere. 
This property of the pea family of plants has been sufficiently fully 
dealt ynth in The Agricultural Ledger No. 7 of iSg^ (Agncultoral 
Senes, No. 8), and requires no farther explanation here 

* WaSe — Sine* wntiBg tbe above the deutit of tbe eiperifflents witJi canal «lt 
have bnaa paUiabed in The AjfrtciUtural Ledger xo 5 oT J L. 
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Experiments to test the value of the process of ploughing-in 
green crops have been in progress at the Cawnpur and Nagpur 
Farms for a number of ) ears, and the principal resuHs ha\e been 
published in The Agrtcullutal Ledger No, j of i 8 g 4 ( Agricultural 
Series, No 7, pages 8 to 12) The results of two more years are now 
obtainable, but no good purpose v^ould be fulfilled b\ recapitulating 
them It need onh be stated that the'^e newer figures corroborate those 
referred to ( / c,) 2ii Cawnpur, and since the attacks of rust have not 
been severe at Nagpur during the two additional \ears ( 1893-94 and 
1894-95 ), the results obtained at that farm are more concordant than 
the) were. Much will naturalh depend on whether the “green 
crop grows well or not. If it more or less of a failure, its value 
as a manure will natuialU be small At Cawnpur the increase in 
the wheat crop due to this s\ stem of manuring has general!) been 
several hundred pounds per acre at Nagpur it has varied much 
according to whether the wheat has b( en affected b\ rust or not, but 
inthe>earsof good wheat harvest, the increase has amounted to 
between 100 and 20^^11) of grain II ow far this method of manuring 
18 practicable to the ordinarv cultivator is however, a question which 
cannot be said to have been an‘^wcied altogether I he practice is 
adopted in some places. 


Conf.t 
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IX-TIIE ASSIMIL iTTOy OV MITIOGEN BY 

r iriE Io^ACJ:.E. 

56 In panijraph of Dr Voelcker 6 Report on the Impro\enioiit 
of Indian AgiicuUuie it is pointed out how c\tttisi\e is the cultivation 
of plants of the leguminous order and the question is raised as to 
how far their presence is assisting to inamtun the supph of Nitrogen 
to the soils of India Experiments ha\e been in progress at the 
Cawnpur Farm for about 15 \ears to test the effect of the indigo and 
fan hemp crops in (hi.respect. The crops are grown in the mon- 
soODi then remoeed, and wheal is then sown on the same plots in the 
following rail The icsulls with run hcmi arc so discordant as to 
become \. vineless those for indigo are better, and are contained in 
Statement No XV. 


Statement iW>. XV xpenmems to test the value of Indigo for 
the fuctCtJing l\luat crop — Outiutn oj gram tn lb 
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It is seen that, so far as this experiment goes, there is a very con- 
siderable increase in the greater number of years. Indigo planters 
generally, I believe, recognise that the crop is beneficial to the 
succeeding wheat, and it is possible that the results of the above 
experiment are not accidental. At the same time they require very 
careful verification, because if they do not overstate the case, one 
would have thought the cultivator would have found out the great 
value of the process and applied it generally for wheat. Similar 
experiments are being made with several other papilionaceous crops 
atCawnpur, but no results are available at present. 


X— SHEEP FOLDING, 

57. The practice of penning sheep and goats on cultivated land 
with the object of manuring it for a succeeding crop is practised 
extensively in some parts of India, especially in Bombay and Madras 
Presidencies. It is a most valuable method and it is common (1 
believe) for cultivators to pay the herdsmen to keep their flocks on 
the land. Precise information of the practice is, however, not in my 
possession. 


CONCLUSION. 

58. In the foregoing paragraphs such information regarding 
the properties of the various “ manures ” which are (or might 
be) available to the cultivator, as is at the writer's disposal, has 
been set out ; the chemical composition has been explained, and 
the results of growing certain crops experimentally with these manures 
have been stated. There slid remains one point, namely, the 
quanti/y of these several substances, about which a few worus may 
be said in conclusion. Incidentally figures have been stated when 
dc-aling with the several materials indicating quantities per acre or, 
as in the case of odseeds and bones, the amounts exported. 

One might go further and calculate from the approximate weight 
and composition of the various crops grown, the probable amount 
of fertilising matters which the various manures will be equivalent 
to The data are, however, not very exact, and it is, perhaps, 
unnecessary. In paragraph i it is staled that the manure supply of 
India must be considered as obtainable, for all practical purposes, 
from materials produced in India. The only “manure" which 
comes from outside is the silt brought by rivers and canals, whilst 
this source 01 plant food is not very small in amount, it is but little 
when comfiared with the whole. The area irrigated by canals is 
10,000,000 acres, that from rivers, tanks, etc., 7,300,000 (vide Statis- 
tical Atlas of India), both of which are sources of silt deposit. The 
tout cultivated area is 320,000.000 acres, so that less than one-tenth 
of the cultivated area is thus more or less replenished from outside. 

But for the rest, it must depend on /he etmple re/urn, more or 
lets perfectly carried out, 0/ the tlant food which the crept groton, 
extract from the toil. If this fact DC borne in mind, it must I^aamitted 

M. 237-59. 



that the principal source of manure must be the excrements of the 
people and animals. It way be that the leguminous plants are 
exerting a material influence, and this is a subject very well worth 
careful investigation both in the field and in the laboratory. At present 
we do not know even which plants of this natural order assimilate 
Nitrogen and which (if any) do not. Much less complete is our 
information regarding the comparative powers of these plaqjs to 
assimilate this plant food The exports of oilseeds, bones, etc., must 
in any case be admitted to fall into insignificance by the side of the 
I various animal manures. It is the more perfect recovery of these 
excrementitious matters which will gradually increase the manure 
supply generally, and it is in this direction that the most useful work 
may be done. Whether a better fuel supply can be gradually pro- 
duced so as to save the cattle dung , whether the urine may be more 
readilv collected for direct return to the land ; whether night soil and 
sweepings may be applied to larger areas than is at present the case, 
may be said to be reall) the main questions which require practically 
working out. 

M. 237*59. 
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— 

LAGERSTRCEMIA FLOS-REGIN^. 

(JarOl.) 


[Dtehonarj. of Economic Products^ Vd IV,, L. 42-49.] 


A brief account of existing information amplified by details obtained through 
Officers of the Indian horest Department, and a recent report by PROFESSOR 
W C. UNWIN, FR.8., on Michanical Tests of the Timber at the Imperial In- 
stitute, London. Th( ivhoh forming a Revision of the Dictionary Article on 
the subject. 


The following article on Lagerstroemia Flos-reginae has 
been drawn up mainU from infornution received from the vanous 
hort'-t Oflicers of India, in reply to a senes of questions issued by 
this olfice m the form of a Circular Note This course was pursued 
in accordance with arrangements that had been made with the 
Inspector General of Forests for the investigation each year of two 
or three forest trees in the timbers of which it might be thought 
there was a possibility of the export trade being extended or estab- 
lished The primary object of the enquiry was thus the trade in 
the Umber of each species, but opportunity was taken to collect parti- 
culars as to the area of distribution of the tree, the nature of the 
forest*, in which it occurred, the conditions of soil and climate under j 
which itUuunated and the minor economic products which italTorded. 
Such an enquiry necessarily meant a complete revision and confirma- 
tion of the particulars already published in the Diehonary of /he 
Eionmtc Produi/t of India ^ and it has accordingly been thought the 
mure desirable course to throw the new information into the form of a 
revised version of the Dictionary article. 

The numbers shown on the margin arc the registration numbers 
assigned to the specimens collected as the result of this enquiry. 
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LAGERSTRCEMIA, Linn. ; Gen. PI, ^Sj. 

A genus of trees or shrubs A\hich belongs to the Natural Order LyTHRA- 
CE.R. It comprises i8 species, natives of South-East Asia, extending to 
Australia. Burma is the centre of the genus. All the species are highly orna- 
mental, and may be either propagated in garden soil by seed, or by cuttings. 

Lagerstrcemia Flos-reginae, Retz.) FI. Br, Ind., II., s 77 : 

Wight, It., i. 413 ; Indtx Kewensis, Pt. III., 23 ; Lythrace^e. 

Syn,— A d\mbea glabr\, Lamk. i L. augusta, Wall.; U. m^crocarpa, 
Wall., L. MAJOR, Rete., L. minor, Fetz,; L. MUNlHaUSia, 
Willd.; L. PLUJFOLU, L. REGINJE, Roxb. ; L. SPECIOS^, 

Pers.; MuNCUAUS 1\ SFKdOSV, Linn. 

Vern. — Arcana, jarvl. Hind.; Jaiul, Beng. ; Gara snikre, Kol.; 
Sckra, Santal ; AjJiar, jurul, Assvm ; Bohnhari, jalai, G\ro ; 
Taman, tamdua bmdara, Bomb. ; Bnndara, mota-bondara, 

I K()NK\n; Taman, iamana, mnta“hnndara, tamhena, M\R.; 

KfuLili, '1 AM. ; Chcnnangi.Tj L. ; Challd, holedasdU iiolcdasaUi, 
holehonn gdl u , hoi emafJit , hole pavase, maruva. K\n ; Adamhoe, 
M\ LAY. ; Kilhnt'ive, koncpvuuna, leoa, lezani, pyinma. yeng~ 
via. Bi RM. ; Kamaung, KI\oh. ; Mu7utt\ mui utagass, Sing. ; 
Arjana. S vss. 

References .— FI lad., Ed. C.B.C.. 40 .^ ; Brandii, For. FI., 240; 
Karz. Fur. FI. Burn:., I, ^24; Buldomc. FL Sylv , i. 2 q ; 
Handle, Afan. Timb.. 2 j, j * ^ , Dah. tSf (nbs , Bomb. FL. (,(V; 
Aiiisott, Burma and Its Feeph. 577, *, ,'(1), 75cS ; Sir ir. 

I Elliot, FL Audfi., . Wi^rks of Sir U y , i 47 ; Smith, 

1 ILl ,55, LidKiJ, L\ FI. BonJ}.. So, Bndwood. Bomb. Prod., 

I yd ^ 'lalbot. I^j^f of Iriis, Shtiib^ and CLt/ibers, Bomb., qq ; 

I boiest Trees. M\sore and C org. ^td eJ. by 'John Carnet on, 

I J.j}, /5'>; Kizv Reports, hi); Suggestions re P'oftst Advi., 

> Madras. ' SSj. O2 , Working Flan^, C eutral C oluba. Bomb , i8g4 

and iSt,y, j.); , !\\te on InspCi iton if Forests^ Assam, iSSq, 14. 
.,5 ; ll i» king Plans. Coalpai a Sal Forests, j\s^ani. iSg4. 5 , Sng- 
gi.siions re J oie^t Adm . Br. Butma. iSSi. 9. 56; Working 
Fliiti tof Kidiauf.L, Fes r:< , louHgoo Dn . 18^4. y . Gagkteers : 
— Bomb .y. X . 77. 4 4 , XI , 2f) . XIIL, 24 . A'l'., yy. 70 ; Burma, 

i<S79-iSo. /., iV f, rSc. ,S7, /np, 118 I2e,, ; J5; //., 5, 0, J 2 Q, iy6, 

16.;, lOS, iS''. ^01. Jiy, Jjy. 2^7, 206 , 270, 375, yoo. yjy. 

5 a 4 ' ^5''- ('Ro. 70^, 78^, Sjo. 817. 8S4 : Mysore and 

1.47. bi . Impc'ial Casettrer, /., y4g ; Agn.-Horti.- 
80, of Ind . 'Journal {Old Senes), IC.. 128, 174, 208, VI., 41 . 

I II J . SiL. I -7 , JX . 4-d • XL.44O: XIII., yyO s Indian 

loteVeT.I.ti: . M . :g , JIL,jy; IV., 47,101; V., igo, 

4^7 • i'//*. 4 ^ , r///, JA. , 4,1!^ 4J4 ; IX., ysS; X., jy, 

i . .J. Xl., JS\S. yji, ^74. 775, XIIF, 1 27 . 376, 

, XIV.. iio. y.j. A<'//«rr, Xo B. 6^4. dated 2$th March 
jS,r', fr,a. Asst, i , ns, rv., R orests. Stbsagar Div. ^ Ao B. 55, 
dated 7O. i/4'v jbgb ^ram Ojlr Pv Conserv . Forests, Garo 
HUB /Ijt' . A ►. B dated lyh iS^6, from Dy. 

^ i'en*e*v, Rortsts. (j, / m*^ Pt: : 9 1 A 24$. dated 27th 

Xatunkbtf /NO''*, ftam Constfv , R\ rests. Assam ; Xo. B. 6yj, 
di.:ed t:(h 'JanuiiTY iS*/7, Co*»serx\, t'orggis. Sib* 

Pv . A’t* .iaiidjud Mar At J6g6, from Divl. 

l\rest Cld.er, S. Kanara. X\ sy, dated f4(h 0nd i St h 

L. 42*49* 
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4 dr!l 1816, from Dist. Fircst Officer. Poona, ho G. 154, 
dated 25th June t8(,6, from Divl. Forest Officer, Kolaba ; 

No. G. ^40, dited 2nd Sept,mbcr i8y6. from DM. Forest 
Officer, kolaba; No. 84—21 G, R., dated 24th March 1896, 
from Dy. Conserv , Forests, Katha Dev, Burma; No, 831— 

^5 A.— 2, dated nth July 1896, from Conserv., Forests, E, 

'circle, Burm.% . No. 149 J.-6, diied 14th AnpUst 1896, from 
Dy. Conserv., Forests, Prome Dtv.; No. 2893 doted 

26th January 1899, from Conserv., Forests, Pegu Circle, 

Burma. Vo. 3'/S I or , datid 21st September i8e/6, from Dist. 

Forest Offiecr, S. Ciinaia. Imp. Inst. Journal, II, | 

p. 444 , Progress Report oj Fired Administration of Assam, j 

I '' J-'A t- 14- , . c 

Habitat.— A lars^e ikciduous tree often attaining a height of 150' 
feet with b. Rirth of 6 to 12 lect and a bole extending from 15 to 40 
feet. It ib found m abuiulancc in Assam and Burma, and less plenti- 
fullv in the Bonibav anif Madras Presidencies. Cultivated throughout 
India as an avenue tree. j 

Cultivation.— The tree is reported by all the Forest Officers as j 
^■ro\\in£^ wild, no special care hcincf talvcn to propat^ate it. The 
lollowing information has been collected regarding its reproduc- 
tion Natural rcpioduction is not good as the tree grows on low 
and swampy ground with a dense undergrowth which precludes all , 
possiliility of seed germinating’' {Lakhimpur) \ “It giows wild, no 
special care being tiken to propagate it, as it reproduces itself (on | 
low land) most luxuiiantly every year, .seeding most abundantly ” ( Reg. No. 
[.Si’'Sjs<ar)\ “It is never cultiva'ed but reproduces itself naturally ® 633 . 
from seed ’’ (Prewif). It is reported from Burma, Katha Division, 
us being as^ociatcd with teak. In the Progress Report of forest . 
Admi’iiuratwn in Assam, i8o‘;-o6, p. 14, it is referred to as follows : 

Under cultural opciations the additions ehown are 79 acres of 1 
jarul (Lagerstroemia FlOS-reginae) m the Langai and Singla . 
reserve, Sylhet Division, which includes 6 acres of the yeai and 73 1 
acres previously established and 7 acres of established /arid sowm on ' 
jhums in the Bagmara reserve, Caro Hills Division.’’ Period of sow- 
ing seeds early in May (Garo Hills). 

Soil.— It IS reported as being "a very accommodating tree as 
regards soil requirements, stiff clays and rich deep loams seem both 
to suit it’’ {Stbsagar). By the majority of the correspondents the 
tree has been observed to flourish on flat and low-lying swampy | 
ground, in places where vegetation is abundant and atmospheiic 
conditions moist, and on the banks of streams. The Forest OfTicer 
of Sibsagar further writes as follows “ It grows principally on low- 
lying swampy ground, inundation for a portion of the year appearing 
to be favourable to its growth. It, however, appears, though does | 
not thrive on high ground or on /ft/ur (lo# hills). ” IheBas.scin 
Forest Officer says ; “ flourishes on rather high ground.’’ The Forest 
Officer of the Katha Division, Burma, reports it as flourishing in 
well-drained localities. It is fit to be felled at 30-50 years of age, , 

Peenlivity remitting CfOwth.— It very rarely has a clean, straight j 
bole to any great height, its branches almost invariably, having a 

L. 42-49. 
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Flowers* 
Beg. No. 


S5ai. 

9308. 


Fruits. 
No. 
1 . 
8532. 
8704 
9145. 
0302. 



Fibre. 


Reg. No. 
8178. 


Boots. 
Reg, No. 


8007. 

8520. 

8528. 

8881 

8701 

0148. 

0301. 


“Sfes'"- 
• 8008 . 
8170. 
8510. 
8580. 
8880. 
8708. 
0147. 
0300. 



il4e. 
0304. 
Timber 

'S«; 

•DM 


.tendenc> to a low downward growth. Both the stem and branches 
are as a rule much knotted and twisted. 

Flowers —It bears large purple or mauve-coloured flowers which 
are discernable from a great distance. During the period of flowering 
the countr) side is a mass of purple or riiauve colour, due to the 
frequent occurrence of the tree. The flowers appear between March 
and July. On account of its ornamental appcaiance it is cultivated 
all o\er the hotter parts of India, as far north even as Lahore. 

Fruits.— The fruits npen in July and August, The Forest Officer, 
Prome, states that the fiuits in his district ripen in December. 
“ The seeds form in August and September, and do not fall till 
the following May ” Offictr). 

Leaves,— “ Appear in May and fall ofi in February and March 
{Sthiagar). 

Resio, — “Exudes a resin ’ {Kuts). All the information that 
has been receded from the Forest Officers on this point can be 
summed up in these few words “ Not collected nor used. Only 
two officers, those of Sibsagar and South Canara, assert that the tree 
does not exude any resin The point is still therefore doubtful 
whether or not it affords a gum 

Fibre— The Forest Officer of Kheri, Oudh, supplied a sample of 
the fiurk. Specimens were not furnished from anv other source and 
the fact that Lagerstrcemia Flos-reginae ncldcd a fibre appears 
to have hitherto escaped notice. There is no record of the fibre 
being put to anv use 

Medicine.— The root is prescribed as an astringent. “ Its root, 
n\RK, LFWFS and ilowers are used medicinally by natives 
{Beddome). The Rev J. Long in an article on the Indigenous Plants 
of Bengal, states that the sefds are narcotic, the bark and leaves 
purgative (Jour, Agn.-Hort. Soi. of Ind. (Old Series), IX , 

Dr Thomson reports, that the fruit of the Pyenma is used in the 
Andamans as a local application for aphth® of the mouth (Jour 
Agn.-Hort. Soe, of Jnd (Old Senes), XI 440). The Forest Officer 
of Prome, Burma, writes that the bark is pounded up and used by 
the Burmese medicine men in fever case*. The replies from the 
Forest Officers of .\ssam, Bengal, and Madras are to the effect that 
no parts of the tree are used as medicine 

SretuL Opimon.— § “The bark of this and of L indiCA, Ltnn., 
is considered stimulant and febrifuge’ (Surgton~Major W. D. 
Stewart, Cuttack). 

StmctiM and Uses of the Wood (sometiaes called Indian Blood 
Wood). — “Shining, light red, hard, annual rings marked by a belt of 
large pores, weight about 408) per cubic fool. This is the most 
valuable timber 01 Sylhet, Cachar, and Chittagong, and in Burma the 
next in value after teak. It is used in ship-building, and for boats 
and canoes, all kinds of consUuction, timber and carts. The Ord- 
nance Department use it for many parts of their gun-carriages. In 
South India it is used for building, and in Ceylon for casks” {Gam- 
ble). Kurx dcstiibcs the wood as being pale or dark brown, rather 
he,tv), strvaked, fibrous but close grained, takes a fine poltsh In 

L. 4 2'49. 
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Burma it is used for house posts, planking, beams, scantling for 
roofs, carts, boats, paddles, oars, etc. Beddomo states that it is very 
durable under water, though it soon deca)S under ground, also 
that, m his time, it was employed at the Madras Gun-carriage 
manufactory for light and heavy checks, felloes, and cart naves, 
framing and boards of wagons, timbers, ammunition box boards, 
and platform carts. 

At a conference held on timbers, at the Colonial and Indian 
Exhibition in 1886, it uas recommended to carnage-makers in 
England, and the suggestion offered that it might be exported from 
Calcutta, Chittagong, Rangoon, and Madras. The chief supply 
comes from the Forests of Assam and Cachar, and the timber woula, 
therefore, be procurable most readily from Calcutta. 

The opinions of the various Forest Officers prove it to be of ex- 
cellent quality, hard, lasting well when subject to changes of moist to 
dry weather, very durable under water, able to stand rough wear, and 
thus very valuable It is used for purposes of house and boat build- 
ing, for bridges, carts, and in fact for every kind of work where hard, 
easily woikable, and durable timber is needed. It is in considerable 
demand in Assam as keel pieces for boats that have to pass through 
salt water, as it is said to resist the action of salt water belter than 
any Other timber. At an enquiry as to the best substitute for Italian 
Walnut for use as rifle stocks it was recommended by the Inspector 
General of Forests as the best in hts opinion for that purpose. 

As somewhat opposed to the above statement of its merits the Forest 
Officer of South Canara reported as follows The wood is soft 
and light , white in colour Takes polish well and the timber is said 
10 be free from shakes and cracks. It is, however, said to be so liable 
to attack by white-anis that it is not used for any building purposes 
nor in any shape whatever " The confliction of opinion may be due 
to the timber attaining a better quality in Assam than elsewhere. 

A recent report on mechanical tests of this timber by Professor 
W 0 . Unwin, F.R.8., at the Imperial Institute, London, may be here 
given 


limber 
(South India)- 
Reg. No. 


Umber 
(Burma). 
Beg. NO. 


8669 . . 

9124 . 

9299 . 


Timber 
(Assam), 
Reg. No. 
8693. 
8594. 


Timber 
(South 
Canara). 
Beg. No. 


REPORT ON MECHANICAL TESTS OF AN INDIAN TIMBER. 

(By Professor W. C. Unwin, F.R.8., etc.) 

The plank dealt with, which was about 3} inches thick and rather 
exceptionally dry (as the wetness test shows), is described as the timber 
of Lagferttrcemia«Flos-regmje, or Pyinm a. Ihe colour of this wood is 
brown or light walnut. 

A block, weighing 599*3 grams, was tested for density. The specific 
gravity was 0669 heaviness 4r77&) per cubic foot. 

Some shavings dned in an oven at about ido'^F. for eleven hours 
showed the amount of moisture in the timber to be 13*77 per cent, 
reckoned on the weight of the dry wood. 

Shearimo Tbst. — Two tests were made: (a) with the shearing 
phne about parallel to the annual rings, (6) with the shearing plane 
about at nght angles to the annual rings. 
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fa) Block () 9 c. 

Dimensions, i 93=; X 2*036 inches. 

Area sheared, 3939 sq inches. 

Shearing load, 3 , 58 blb 

Shearing stress 910 81 b per sq inch = 0407 ions per sq inch. 
{h) Block 69 d. 

Dimensions, i 985 x 1*980 inches 
Area sheared, 3 930 sq inches. 

Shearing load, 2, '^4985. 

Shearing stress, S97 7^ ‘^q ^ 207 tons persq mch 

Mean shearing resistance, 754tb, 01 o 337 ton per sq inch 

1r\nsverse Test —T^^ o tests were made VMth rectangular bars i i i 
span of 43 inches — 

Bar 69a.— Width, 3 503 inches Bar C9b — Width, 3 629 inchc s 
Depth, 2 592 „ Depth, 2 (>07 ,, 


Load at Centre, 


Deflections, in 
inches 


Load at Centie, 


Deflect ons, in 
inches 


in 

pounds. 


fga. 1 
_ _ 1 


in pounds 

69a. 

r )h 

0 






2,oro . 


o'soo 

0 e 77 

250 


. 


0 oSs 1 

0 i(>r 

2,*‘)0 . 

• 


0 7 r 

500 


. 


017 ' 

0212 


• 

c 9-7 

0 7S7 

750 


• 

. 

0 362 


3 00 


.. 

I 03 ^) 

,000 


• 

. 

0 36b 

'\,SOO . 

• • 

Brc ke 

1 ^ 5 < 

,350 




. 

0451 


. 

I 4r»r 

500 




0*520 

0 sJ 

4, 0 

. • 


750 


• 

1 


057^ 

4 

• 


Bn ke 


Both bars broke b} tersu n 
The following are the results rediicod ; — 


Uai 

C 0 ^fli 
transvt rsc 

u nt ( f 1 

f.t ength 

Ran of ttres*;, I 

L effu i( nt of 

1 lditi( itj 

I’ounds 

1 on^i. 

1 

in p junds 

1 _ 

lb p( 1 
in 

1 ons per 
s<] in 


. 11 355 

1 

? 07 

0 t ) 2,000 

1.312*500 

5^^5 8 

, 

. 12,037 

5 37 I 

0 to 2,5t 0 

l,125,4rH) 

V). 4 

• 


5 22 

! 

I,aib,g5 

544 l 


CoMPREsstoM 1 Ksi — I WO tests were made — 

Block <>9C — Dimensions, 2 432 x 7 4^>9 inches 
Height, 6 35 inches 
Area crushed, (> 128 sq inches 
C rushing load. i() 91 tons. 

Crushing stress, 2 7391005 per sq. inch, 
Block 69f — Dimensions, 2 41S x 2 490 inches 
Height, 6 30 inches 
Area crushed, 6 020 sq inches. 

Crushing load, 16(8 tons 

Crushing stress, 2 765 tons per sq. inch. 
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Both specimens broke fairly by shearing. The mean crushing resist- 
ance is 2762 tons per sq. inch. 

Considering that the wood is not very heavy, its strength is good. 

Domestic and Sacred Uses.— Leaves used as manure which is very 
much appreciated {South Kanara Report). 

Trade. — There appears ‘to be no trade in this timber in any of 
the provinces of India, except Assam. The Forest OflScers of the 
latter province write as follows : — ‘‘All timber removed is exported 
to Bengal. The price of a standing tree is R6.'’ {Garo Hills). 

‘‘ Trade exists, about 20,000 cubic feet in logs being yearly exported 
to various places in the Sylhet District. Selling price vanes from Ri 
to R2 per cubic foot’' {Cachar ) ; “ from this district no export due 
to distance from large markets of Bengal and consequent heavy cost of 
carringe. The timber is used to a small extent locally, but there is 
no regular trade. Planks of this timber 15'x i''x sell for R1-4 
to Ri-8 each '' {Lakhimpur ) , there is little or no export trade — except 
perhaps in the form of boats (dug-outs) which are used on the Brah- 
maputra ” {Sihsa^ar). 

Supply.— The F'orcst Officers of Assam report that the outturn 
cannot c\cn be aj^prouinatel} estimated owing to the trees growing 
scattered over large areas. Jphat no great quantities can be supplied 
IS due to the fact that there is a considerable local demand for it. 

All mature timber found in accessible places is greedily acquired 
by the natives. But there is no doubt that large stores in inacces- 
sible places, when the country is more opened out, v^ill be readily 
obtained. 

The Forest Officer of South Kanara writes as follow's : — ‘‘ Limited 
as the tree is to narrow beltb on ri\er banks and its absence in any 
large numbers on such situadon.s, the supply is here very limited/' 

The Forest Officer of I'lOine, Burma, states that “ if a demand 
.irose probabh 2‘'0 or 300 tons could be supplied at R18 to 
R20 pel ton ill the rough. 


L. 42-49. 
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HORNS, ANTLERS, and HORN-WORK. 

(BlbON HORN.) 

\DicttQnary of Eionomic Products, Yol. IV,, H. 408.] 


ORNAMENTAL WORK in BISON HORN. 

By E, H. Aitken, Esq., Colhetor of Salt Revenue, Bombay. With introductory 
note by MR. D HooPER, Curator, Economic and Art Section, Indian Museum. 


The 'subject of artistic horn rnaniifattures in India has received 
ver) little notice in the hand-books an! magazines on Indian Art. 
The contribution by Mp, E. H. Aitken. which constitutes the feature 
of this issue of the is. therefore. spccialK valuable, ss it records 

actual observations made in this peculiar industry in the western 
portion of India. 

The horns that are usually emp'oyed in this country are those of 
the buffalo and the bison, as the gelatinous coverings present a suit- 
able thickness ana wide surface for the purposes required, and they 
can easily be removed from the bony skeleton. < 

In Bengal, bu 0 dlo horn ornaments are made at Monghyr and 
mainly consist of necklaces, bracelets, earrings and brooches. 
Combs and tooth-combs are manufactured in the city of Dacca where 
in ibti2 there were said to be 20 to 25 establishments employing 
about one hundred Muhammadans whose knowledge of the fabrica- 
tion of horn is hereditary. 

The horns are procured from villages in the interior of the district, 
and before l>eing shajicd, they are softened by the heat of a furnace. 
The tools employed are with a few exceptions similar to those used 
by carjientcrs. The trade was at one time so prosperous that large 
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Ornamental Work in Bison Horn. 


sales were effected in the neighbouring districts of Tipperah, 
Mymensingh, Mukhali and Sylhet. Horn walking-sticks are made 
by the Rarhi caste in Barabati, a town in the Balasor District of 
Orissa. 

In Madras, black horn »s procured from the hill tracts of Vizaga- 
patam District, and worked up by the Kamalis or Vishna Brahmins, 
a caste of men who are also employed in the ivory apd inlaid sandal 
wood industry. B^zique boxes, blotting book covers, book slides 
and paper weights made of bison horn in Vizagapatam, and glove 
boxes, work boxes and card cases and picture frames of other kinds 
of horn were exhibited at the Melbourne Exhibition. All these 
articles were said to be very much admired and obtained a first class 
award. 

In Kotah, one of the Rajputana States, some very handsome 
articles are made of buffilo horn. The^e consist of powder flasks 
powder-horn and pen-boxes ikalamdoLn). The 

horn is first moulded by heating, cut to the required shape, and then 
inlaid with ivorv and mother-of-pearl. 

The extremities of the horns of most animals are converted into 
buttons by turning in a lathe, or the refuse pieces when solid enough, 
are softened by heat and pressed into the form of buttons, and 
finished off by carving with a sharp knife. The turnings and shav- 
ings of horns are utilised by the chemical manufacturers in the 
preparation of prussiale of potassium. 

The horn work in the Bombay Presidency is sufficiently dealt with 
In the accompanying note, but special attention should be drawn to 
the particular method of softening the horn practised in the Ratna- 
giri District. The method adopted in England, already referred to in 
the Didtonary ^ Economic Products, is to soften the horn by 
immersing it first in plain water, and afterwards in an acid bath for 
about two weeks. Other op)eralors employ hot water, while in Dacca 
the dry heat of a furnace renders the horn malleable. The use of 
heated cocoa-nut oil referred to by Mr. Aitken must commend 
itself to everybody as the bc»i process. I'hc he'atcd oil is not calcu- 
latcJ to char or discolour the horn, a small portion would be 
absorbed and help to pcrmancnily consolidate the fibrous structure of 
which it is composed. Moreover, it gives a translucency to the 
finished article which is not obsen ed in the horn work of other localities. 

H. 408. 
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Omamentel Work in Bison Horn. [E. H. Aitktn.) 

A practical observation of this kind is of great value, and may 
be far-reaching in its usefulness. 

Ornamental Work in Bison Horn by E. H. Aitken, Esq.j 
Collector of Salt Revenue, Bombay. 

The art of making ornamental articles in bison horn is carried on 
by a very small number of men, who are also carpenters and metal 
workers, in the Ratnagiri district, especially at Viziadrug. It does 
not appear to be an ancient art ; they state that it has existed for 
only four or five generations, and has been handed down from father 
to son in the few families which practise it. 

The reason gi'cn for working m bison horn is that the articles for 
which there is most demand are small stands for offerings, and other 
things which are used by Brahmins, and if they were made of cow 
horn the Brahmins would have nothing to do with them. The horns 
are mostly procured from Malabar, and cost as much as Ri-8 or 
Rz for a single horn. 

The process of manufacture is as follows : A portion of horn 
is kept moist with cocoanut-oil and heated before a fire until it 
becomes almost as soft as wax. This may take an hour or more. 
It is then worked, or pressed, into the required form, either with 
the hands or by means of moulds made of hard wood, and finished 
off with scraping tools and a small lathe. It remains to polish 
the whole and ornament parts of| it with simple but graceful 
designs. The polishing is done with the leaves of a tree which grows 
in the district (Ficus gibbosa, var. parasitica)> which are kept 
in stock in a dry state and moistened with water for use. The 
ornamentation is done in line with a fine, double-pointed, steel 
graving tool. The tools used in this work are indeed all extremely 
simple, and there are not many of them. A small, rude lathe, a fine 
saw, a few triangular blades, without handles, for scraping and 
polishing, a pair of compasses or callipers, three or four graving 
tools of sizes, with perhaps a file or rasp, and moulds made for the 
occasion, complete the necessary equipment. 

It does not appear that the men work from any models or 
designs. Most of the figures are traditional. Perhaps the commonest 
article made is a nandt, or sacred bull, supporting a flat tray about 
seven inches in diameter, with a cobra rising out of the middle of it 
and rearing over it with expanded hood. The bull is in one piece, 
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OTi^menu. the solid half of the hofo, which is always black. A 

hole is drilled in the back of the bull, in which is fixed the pedestal 
of the tray. This is another piece, and consists of a simple stem 
of solid horn turned on the lathe. The tray is made from the base 
of the horn and is almost transparent. This is always made in a 
mould, after the horn has been thoroughly softened, and a good deal 
of labour is expended on it, the edges being scolloped and the border 
elaborately ornamented. But alas ! it is fastened to the stem with a 
common screw nail. The cobra is also made from the translucent 
section of the horn and must be moulded into shape with the hands. 
It is fi.\ed so that the head rears over the middle of the trat, while the 
tail, passing through a hole in the bottom, twines round the stem. 
The etes and mouth of the cobra and the scales on its back aie 
most minutely worked out. It will be obseived that this is all line 
engraving. There is scarce!) anything that can be called carving in 
the whole work. Moulding and scratching are the only processes to 
which the material lends itself. 

Other aiticles commonl) made are small ornamental cups, co\ers 
for teacups, buttons and beautifu'ly translucent, round boxes ot 
txtij. riu.J- \ caskets* for holding tooth-powder or other toilet requisites. Some 

' of the best woikmen, however, dc'-ign and make much more ambi- 

€««/ Ho s' woiks than these. A candelabnim, or Limpstand, of most 

artistic design and elaborate workmanship, was lately sold in Bombay 
for Raoo. But even original and complicated pieces of work like 
this .tppear to be carried through without any mcdcl or design. The 

I ulc.\ IS m (he workman’s head, and the details giow under his hand. 

' The figures emi)lo\cd in ornamentation are of a kind familiar to us 
in brass work and embioidery, and even rustic moral decoration, 
I consisting ot circles with regular or undulating circumfeiences, 
radiating lines, loops ami rings, arranged in graceful, conventional 
patterns. As has licen said, the principal purchasers of this ware are 
Brahmins, but the finer pieces of work are hawked about among 
I Kuro|>eans or wealthy natives until a purchaser is found. 


( 

* StmtMU icCkt* bard M i.asV4rta Ur til iuinK tii 
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The following brief note is taken from the Descriptive Catalogue 
of contributions from the Bombay Presidency to the Calcutta Inter- 
national Exhibition, 1883-84, by Mr. John Griffiths and Mr. B. A. 
Gupte 

Viziadriig, Jaitipur, and M^lvan, in the Ratn^giri district, contain 
a few Sutir families, who know the secret of shaping bison’s horns 
into cups, plates, animals, and caskets. About thirty years* ago the 
only articles turned out were trays and caskets for the worship of 
idols, but of late cups of various shapes, lamp-shades, animals, 
noiably snakes, are made to order for Europeans, which has given 
a start to the industry.” 

The Bombay Gazetteer, Vol. X., published in 1880, thus describes 
the industry which is carried on in Katndgiri and the neighbouring 
State Sdwantwdri. 

Ratnagiri : “ Fancy articles of bison’s horn are made by a few car- 
penter families with considerable skill at Viziadrug, Mihan, and 
Rijipur, The industry is said to have been started some 200 years 
ago at Viziadrug. The horn is imported in small quantities from 
Malabar and Cochin, the price varying from Ri to R2, according to 
size. The horn is healed on a moderate fire, and to make it 
malleable is softened with cocoanut-oil and wax. The articles, 
varjing in price from R5 to R8, are card trays, inkstands, snuff-boxes, 
cups for idols, decorated vith bulls, deer, and cobras, combs, chains, 
handles for sticks, and different kinds of birds and animals. The 
demand for the work, perhaps the onlv specialty in the district, is 
very limited, and the workers are few and much indebted. ” 

Sawantujff i ; Horn work is prepared b) a few Hindu carpen- 
ters. Formerly boms were used only for dropping water over idols 
and for keeping gunpowder. Improvements were made about thirty 
years ago, and from thirty to thirty-five different articles are now 
offered for sale. The liorns are partly found in WSri and partly 
brought from Malabdr. Their price vanes from As. 8 to R2. The 
left horn is more useful than the right as a water-horn in religious 
ceremonies, and fetches a higher price. The demand for the articles 
is less than it was ten years ago. The chief of these articles are : 
Polished horns, Ri-8 to Rio each; lotuses, iama/r, R3 to R15; 
caskets for keeping idols, sampu^hio^ R2 to R7 ; other caskets, Rl to 
Rs ; cups, R I to R5 a pair ; trays from R2 to R7 each ; small boxes from 
Rio to R30; handles for w^alking slicks, As. 8 to R7; small lamps, 
ftirunjans, Ki to R6 a pair; stools, R4 to Ri 2 each ; writing boxes, R 15 
10 R50; knife handles, As. 2 to Ri ; wrist chains, R5 to K15 a pair; 
neck chains, R15 to R30 each ; w'atch chains, R4 to Rao ; combs, As. 8 
to Ra ; spoons, As. 4 to Ri; tumblers Ri to R5 ; buttons As. i to As. 8 ; 
flowerstands, R5 to R20 ; antelopes, goats, cows, oxen, and buffaloes, 
R6 to R30 a pair ; and elephants from Rio to R30 a pair.'" 
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Casket for holdinjgf idol (Sampuhst), From Viziadrdg, RatnAgiri, Bombay Presidency, 
Economic and Art Section^ Indian Museum. Reg. No. 524^?* {About throo^tonint 
natural sioi.) 


Fig. 3. 



A'.ma/ uMd a. of Mahadeo. From Viiiadrue 
and Art Section, Indian Museum. Reg. No, 3252. 


Ratnigiri, Bombay. Economic 
{About ono^kalf natural iijv.) 



Fig, 3, 



Cir«WUtfom. From VaiadrtJf, Rotnlpn, Bombay. Ercmomk ami Art Scctkw, 
Indian Muaeom. Re*. No. 5331. {About two-fiflht natural tioo.) 
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(BURMA SILK.) 

[Dicitonary of Economic Products, Vol. VL, Pt. Ill,, S. i8s9>l 

The silk INDUSTRY in YAMETHIN DISTRICT. 
Pyinmana Sub-Division. 

Note hy A. G. CooKE, Esq., I.G.8., Sub^Bivhional Officer, Pyinm^tna, 


The particulars given below arc reproduced, with the permiasion 
of the Burma Government, as a supplement to The Agri'cvUurai 
Ledger, No. 26 of 1896 

The villages at which silk is worked in the sul>division are the 
follo\>ing ; — 

Chaungzu. I Swbdawmyaung. 

Thayetchaung. ‘ Pedfinmjaung. 

MyogOn. 

The worm is said to have come originally from Kany inmaw in the 
Magwfe district. Hatching takes ten days ; the caterpillars moult on 
the 5th, 8th, i2lh, and 17th days after hatching, lying dormant for 
one day each time ; ten days after the last moult they spin the 
cocoon. The fly which kills them when young is called yingyi here. 
The sagaw, the paing, phine, etc., are exactly the same as those 
described by Mr. Allan. The sagaw ‘S kept covered lor 22 days out 
of the 27. The cocoon spinning in the pafng takes 24 hours; when it 
is complete they are put back into the sagaw for two days. 

With reference to the Po-win-00 described and illustrated in 
Mr. Allan's note, on this side the Yoma C is the pout (nol posif), fi 
and B being called poteftan, there is an upright posfr or lathe to sup- 
port the erection called hmandaing. 


S, 1829. 



The Agricultural Ledger. 


SILK. 


The Silk Industry in Yamethin District. 


Ten sagaws are said to yield a viss • of silk. A viss of silk sells 
at about R12; the market is chiefly at Taungdwingyi. I cannot 
find there is any trade with Swa (Toungoo), and I do not think it 
probable as there is said to be a superior kind of worm used there. 
The process of working the ianyinldn is called ; from the 

tanyinldn the silk is re-wound on to a larger instrument called poya- 
hat, which resembles a cross thus — 



and is turned by a wheel ; this process is called thuihi. No weaving 
or dyeing is done here. 

With regard to breeding, the bins, which are here called gwe, are 
placed on a cloth and about 20 females in one give ; ten gwes are 
sold tor the rupee. 

The industry would be on a larger scale if the villages were not 
entirely surrounded b) forest reserves, which limit the cultivation of 
mulberry. 

* I v %$4 3*05^ avoirdupois. 


I 

, S. 1829. 
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EMBANKMENTS. 

(GRASS SOWING.) 

[ Dictionary of Economic Prodticfst VoL IlL^ E. 198 1. ] 


GRASS-SOWING OPERATIONS in the UMBALLA DISTRICT. 

Extract from Corrfspondcnee hciwcen the Director of Land Records and ' Agri- 
culture, Punjab, and the Senior Secretary to the Financial Commissioner, 
Punjab. 

The information ^^hlch follows is given as a supplement to The 
Agricultural ledger, No. 21 of 1896:— 

Extract^ paragfLiph 4. of Utter Xo. 1213, dated 8th June iSgjt from the 
Director, Land Records and Agriculture, I'anjab, to the Senior Sicre- 
tary to tne Financial Commissioner, Punjab, 

4* As regards (2) planting and grass-growing operations began 
by Mr. Gladstone in Umballa to fix sandy soils and improve pasture, 
the matter was last noticed m the departmental report for 1892-93, and 
Mp. Francis and Mp. Duthie’s reports on the results of the experi- 
ments up to June 1893 were published in No. 21 of The Agricultural 
Ledger for 1S96. 7’he beneficial results of the movement started by 
him, not only in binding the soil by preventing the spread of sand 
and preserving the land at the foot of the Siwahks from crumbling 
away into fissures, but also in developing the growth of the bind pula^ 
which found a ready sale as a thatching grass, are undoubted. 

The impulse in the beginning depended entirely on Mp. Glad- 
stona'i personal influence, and has t>ecomc weaker since be left 
ibc district, but where the people have begun to realise that it was 

[ * SaccharvD dllart, and, (S. Sara, RomS.) 
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not merely a fad of the Hakim, but a source of direct profit, it 
has spread of itself. Captain Parsons informed me that in some 
Milages in the Rupar Sub-division, the zemindars now cultivate the 
hnd pula for sale, and that the town of Shazadpur Magra has been 
saved from erosion in the same way as Sadhaura (see The Agricul- 
tural Ledger, No. 21 of 1896, page 5) by a series of iunirand 
plantations of nunj grass which caught the silt at each flood and 
raised the level of the ground, thus finally causing a successful diver- 
sion of the stream. Captain Parsons is of opinion that a great many 
of the fissures which are so destructive in Umballa could be stopjed 
if checked by hind pula at the first sign of their appearing, but he 
adds his conviction that this is working at the wrong end, and that 
defence against the ravages of chos and torrents should commence 
near their sources in the hills rather than in the plains. 


E. 198 a- 
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[Dictionary of Economic Product Sy I ol \'I y Pt I , pp 400 ^26, 'R 67 - 70 ] 


RECLAMATION of RLH or USAR I AND. 

Second Note hij Dr, J W, Leather, Agricultural Chemist to the Government of 
India, on urtain expcrumnts which have been carried out for tJM purpose. 


In Phe AgruuUural I ed^er No ^ of rSgj fi) the area and the 
nature of the Usar hnds of the North-Western ProMnces has been 
exp ained (2) the opinions of the severnl earlier observers has been 
(juoied repirdmp the origin of the salts, and the means bv which 
ihev have become iccumu died in the surface soil ; (3) the experiments 
winch have been made with a view to render these lands culturable, 
and the resu t- obtained, have been del tiled 

I Object of jyresent yute ^\x\ the present Note the results of 
man\ anaivses which the writer has made of Usar soils, from differ- 
ent p^rts ot Indii, are discussed, and from these information is given 
regirding the nature and quanii v of the salts present in the soils 
at various d< pths trora tlie surface 

In the next pUce are the rejults of experiments carried out 
bv the writer on the germination and growth of nlants in artificial 
Usar soils, containing known amounts of certain salts. 

LaslU, the effects proiluced on Usar soils bv the addition of 
such salts as gvp\um, which have the power of neutralising Sodium 
Carbonate, sre tlcali with 

s The AmoutU of Salts in Umr Boiis^^h is hardlv necessary 
to point to the importance of determining both the nature and the 
quantity of the soluble salts m these Usar soils Without a clear 
knowledge of these two items the subject cannot be understood 
It will be well to quote, in the fir^i place, the analyses of the samples 
which have been made bv others, for the papers containing the latter 
are not generally obtainable and they shoald be pul on record, 

R 67-70. 
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In Mr. Medlicott's Note, published in the Reh Committee’s Report, 
are the following : — 

Reh — Estimates xn Soils. 


B 


Akrabad (Aligarh), field No. 93: — 

1. 'J hree inches cube of soil, including a thick crust of reA 

2. Earth 2 feet below surface from a freshly dug hole 
\^ithin 6 feet of No. i, surrounded by the same sur- 

I face reh ........ 

3 Earth 6 feet from surface in the same hole 
H>dernagar, Ti hamlet of Nan (Alii^arh), field No 769: — 
r 6. Six inches square b\ 2 feet from a small (() feel square) 
\ bare spot, but without efflorescence, in midst of a 
rich crop, on same lc\cl, and tquall\ irng^ted from 
a w'cll ; water (> feet from surface, not saline to the 
f taste . • . . ... 

V 7. A like sample from close by, tinder rich crop . 
Dasnah, the held of Mr Michel’s experiment: — 

'1 hree inches cube of soil, no \isible reh . 
kar) earth 4. fed from surface 
la\ film paperx ) from a dr) channel close b) 

Sent Captain Harrison, RE ; — 

13. Sfiahpur (Cawnpur) field No. 1(19, “surface of 
Csir land in which an experiment in sub soil drain 
age 1* being made ” ..... 

13 arth at 2 feet from suriace* .... 

14 Earth at 5 feet from surface . 

Ciunoli (harukhabadj, field No 322 : — 

6 Surface .... . . 

17 Earth 3 feet fromsurfaie. .... 

h E.ulh 5 feel from surface .... 
Quoted from Journal, }io\al Asrnin Soctet\, I ond n 
Vol. XX., page 336, 1803 ; or ScU Govt, India, P, \i\ D, 


Soluble salts, 
parts 111 
1 , 000 . 


C 8. '1 hrei 
< Q. Kanl 
111. Cla\ 


1) 


VJU 

•^[ii 


i8'8o 


244 

rsb 


.T88 

'45 

>*74 

4 'c 7 


2-73 

1'29 

i- 5 > 

9 ' 2 U 

2 '3 
o 80 


42, page 43 : - 

P ^ 20 bout intiies cuh( i)f soil 
i 21 , Sub-suil o\er water 


« 4 

. 2 to 

Mp. V/Erdi of the Ro)al Seho^il of Mine*. Eoudon, anaixsed the follow- 
ing samples of Gsar soils from the neighbourhood of the Western Jumna 
Lanai — 

1 

No 1, 40 KIT rROR 
CaMal 

1 N • . , t 000 ^ElT 

1 III e AHAL, 

Pc 1 1 of ‘c 1 

Per ( c( 1 o( tot Al 
, Aoiut Ic t* In tl I 

/ ’ 

1 cr lent of ioCal 
fcoiubk k.ilU in »(. il. 

SiiHaie ..... 

Wo feet below svirfair , 

Four fcH below surface. 

Six feel befow surface . 

j -3408 

1 ■.■V »4 

•3611 

* lhi« fwdiie i(wlu 4 ccl - 
Sodium * 

ScKlium Suf|*H»tr . 

Sndwitn Chiofidr 

. 

. roo»o 
. . 1 * 14*9 
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3. Before det tiling the analyses of usar soils which I have made, 
a few words may be said regarding the methods of sampling and the 
analysis. 

For the selection of samples I adhered to one method, A hole 
having been dug, the samples of soil were cut from the side of the 
hole between certain depths. Thus, for example, a sample taken 
between will represent the average state of the soil from the 

surface to a depth of 0 inches belc\\ U ; one taken at 6''-2' 6' would 
be the average of the 2 feet of earth situated below the former. The 
soil having been ‘‘ air-dned, ” it was shaken up with distilled water 
for a short time and then the whole thrown on a filter. In the earlier 
analyses it was attempted to allow the soil to settle, lea^ing a ! 
clear extract which couKl be boiled down ; but this method is quite 
impracticable w'lth the ma]orit\ of the u\ar soils. One property 
of most u^ar soils, to whuli reference will be made more fully in 
another paragraph, is tlut they will not settle in water perfectly; 
even if allowed to stand for weeks together The method of tr)ing 
to obtain an extract of the silts b\ adowing the soils to settle was, 
thciefore, *^oon given up and the extract obtained by filtration. The 
quanta) of soil emplo\ed was in all, excepting the early cases, 100 
grammes, which was digested in soo c c of cold distilled water, and 
then the whole, me uding all the sand, thrown on to a perforated por- 
celain filler with a cloth co\eiing The first portions passing through 
are a wavs mud(i^, but the earth sooner or later foi ms a perfect filter 
t)e 1 and the extract t runes through clear The muddy portion (which 
has a^rcidi come through) is then poured back on the filter. By this 
means a c car cxtrac t is ^<nrra''^ though not al^\av9, obtained. It 
fie iuenll\ happ -ns, howev er, that th<‘ cxtrac t lakes da\s to pass through, 
someumes me who c wo. iku pass ihr^-ugh the filter at all. and also not 
infrcqu^-nt \ a filiruc is obia.m* 1 wIulIi appears onh semi-transparent, 
buchcxiracis cuiiti n so .d panic < winch cm be distinguished under 
ihc microscv)j>e, 1 ut ihes p^ss through the finest fillers. The analysis 
of the extricl is then carr’cd out lo the U'sua methods. 

7 he /injures tn the slaUmmii are in all cases parts of salts ftr IQO 
parts of Soil 

In caictiidiing tiie results, al the chlorine is first considered as 
combined w'lih sodium and then the sulphuric acid, so far as there is 
sOiiium for It to combine with. If any sodium then remains it is 
concider^d as carbon ue Thir> assumption i« based on the fact that 
Sodium Carbonate' cannot exist in the presence of Magnesium or 
Caicmru Sulphates or Chlorides If these salts are br* ught in con- 
tact with so’uiion of Sodium Cirbonate, the Utter is rapidly changed 
to Sulphate or Chloride as the case may be. 


yoUTIi-WEBTEBS PBOViyCES US An. 

4. The following arc the examples of Usar soiU which I hive 
examined in the Usar plains of the Nofch-Western Provinces and 
Oudh 
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(i) Samples were taken in a ^<r/ 4 -covered plain near Bilhaur, 
Cawnpur District— 


Village Allpur near Bilhaur. 


Na,Co, 


H a 

Soli on surf acc , Surface soil, 
only. i'^ - J3". 

. ,2*910 i‘o8i 


Salt from 
surface. 


Total Salts 


(2) A piece of land near the village Kakwan, Cawnpur District. 
The spot selected was occupied, on the one hand, by a rice field, in 
which hole “A. " was dug, whilst the second hole “ B. ” was made in 
a piece of grass- land (village-wastej close by. A lund separated 
the two. The rice field was without any visible sign of the presence 
of salt, whilst the grass-land was covered with it. The soil was 
in both cases the same, namely, a clay. Moisture was found at a 
depth of 6 inches in both holes. In both holes the plant-roots were 
obseived to reach below the bottom, that is, to a greater depth than 
40 inches — 


Total Salt 
•Sodium Carbonate 
.'v>dium Sulphate 
Sodium Chloride 



Hole “ A. 

»* 


Ht.k- *• B. 

--- 


1' -6". 

f.*' 18*. 

, 8 » - 3 or. ' 

-6”. 

6" - 18". 

18" • 30"? 

• 0*009 

0*017 

0017 

figS 

0*293 

0*520 

• 0009 

0*011 

0013 

rof)4 

0-261 

0 * 49 ! 

• • 

• • • 

... 

0013 

0*029 


. 



0*04.2 

0*00(> 



dug 16 feet apart. Hole A. was in Char ; no sign of grass roots were 
left ; it was moist up to the suifacc and very damp at 3 feet ; kankar 
was met with al 4 feet 6 inches 

Hole B. was in soil on which grass was growing ; no salt was 
visible ; plenty of roots were found down to 4 feel, kankar was situ- 
ated at 3 feet. The soil was equally moist with hole A. ; — 


Meh p«ub 

Ho*c A. 

CsraM patch. 

Hole B. 

r-«'. 4 *-.'#" 

1 733 354 

*264 

046 

•098 

8* • J' O'*. 

402 -387 

>'«• -4' r. ' 

•3*7 
• •• 

• •• 

_ ■ ■ 

■ ■■■ 

1 — 


*•012 *292 


•438 ‘418 

•395 


Sodium Carbonate 1728 '354 *098 402 '387 '337 

Sodium ^Iphale . '3O4 

Sodium Cnkwide . '04O 

Toraa Salts . foi3 -ayi ^96 - ‘438 *418 *395 


(4) Near village Baraull. in District Farrukabad, 1 selected 
sanples from a place where several patches of cultivation occurred 
in an mar plain. 

Hole A. *' was dog in a cultivated patch where the crop was good. 
Hole “ B. ” was made wltere the aalu were efflorescing in large 
amount. It was 46 jtuaIs from "A." From it two samnles were 
uken. Hole *• C. " was made where grass was growing well ; it was 
t8 jards from “ B. " Hole “ D. " was dug where the grass was 
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covered with salt. It was 31 yards from “C/' All ti)e holes were 
in a nearly straight line. 



Hole *• A,** B, 


•* C. " 

II 

D.*' 



6^' ■ SO**. 

I*'- 30®. 

^1" - 6''. 

flw. 30^ 

Total Salt 

Sodium Carbonate 
Sodium Sulphate 
Sodium Chloride 

• 001 a 1*494 

0087 

. 1 3iH 

. 0 n6 

1*616 

0*159 

1 ^88 
0*OQ7 

o*oi6 

1-415 

0*140 

ri86 

0*087 

0*309 

0*023 

0*191 

0*020 


Kankar was found in hole “ B. at 4 feet from the surface and 
in hole C. at 3 feet, but none was found in the other holes 
within the depth to which they were dug. It wi’l be observed that 
the principal salt in this place was Sodium Sulphate. The soil was a 
cla} -loam. 

(5) The next case was of a somewhat different tvf)e. The fore- 
going are examples of soil covered with salt, near to which there was 
cultivation. It often happens that the people apply the term mar 
to land on which no salt is visible and this is sucH an one. The land 
was situated near Rasulabad, District Cawnpur, and a healthy crop 
was groyyingin the middle of one of these usar plains. It occurred 
to me, therefore, to hii\e a hole dug, the one end of which extended 
into the cropped land, the other into the mar. The hole was 3 
)ards long and i vard deep On examination I could discern 
no difference in the soil at either end. The soil was sampled to a 
depth of 3 feet and the results of the analyses are as follows : — 




In fields. 

In v 0 ar. 

S<xlium Carbonate . • 

• 

0 099 

0*277 

So(tium Sulphate 

• 

ver) little. 

0*135 

Sodium Chloride 

• 

0 018 

o '055 

( 6 ) The following shows the quantity of salt in 

some mar land at 

Barra, Cawnpur Disinct . — 





l"-6 


Sodium Carbonate 

• 

•884 

•194 

Sodium Sulphate 

* 

•156 

■ ft 

Sodium Chloride 

• 

•052 

'007 

(7) Near Unao, a hole was dug 

in an 

“ Usar ** 1 

plain on which no 

salts were visible, and an average 

sample of the first 4 feet of earth 

uken 




Sodium Carbonate 

• 


095 

Sodium Sulphate 

t 

• • 

■071 

Sodium Chloride 

« 

• m 

005 


(8) At village Seora, District Unao. samples of soil were taken I 
from an mar plain. There was some salt on the surface. ITic j 
■oil was a loam, and the sub-soil water was only about 4-6 feet | 
beneath the iurFace. 

Sodium Carbonate '537 '*03 

Sodtum Sulphate ... ‘108 044 

Sodtum Chloride « • • oso *oao 
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(9) An Usar plain near village Amramau, Unao Distiict, soil 
cb^,\\ith some salt efflorescing and p;rass gro\\ing on most parts 
of It. The hole was dug 4 feet deep ; the earth was moist, no 
kankar was met with. Sub-soil water at about 4 10 8 feet below 
suiface 





r-r. . 

6"-2 0", 

Sodium Carbonate 

. 

. 

*07Q 

•043 

Sorlium Sulphate 

• 

. 

•2H 

9+9 

Sodium Chloride 

• 

• 

•ot>4 

•1^5 


I (iq) In an Usar plain, village Banthra, Lucknow District, were 
patches of cultivation, the remainder being mo:sth covered with 
I glass and but little salt was visible. In the cultivation were patches 
of soil on which no crop was growing, this being a common charac- 
' teristic of Csar, Two holes were dug : Hole A. in the I'^sar land ; Hole 
B. in one of the bire patches in the middle of a crop The soil at 
Hole A was a clav, very dr\ and hard, no kankat was met with. At 
Hole B. the soil was a clavey loam, moist and no kankar was met 
with : — 

Hole K Hole B. 




0 '-2 0^' 


t) -2 u' . 

Sodium Carbonate 

164 

*121 

•001 

•042 

Sodium Sulphate 

. ‘032 

•019 

on 

•007 

Sodium Chloride 

. . 

•004 

'00 7 


fii) At village Chinhat Lik know District, the Csar land is of 
a lighter colour tlian south of Lucknow. The cultivated land is quite 
light loam. The uuir is chv. with but little salt on the surface, kan* 
kar generally lying on the surface — 


Sodium Carbonate 


• 

1^-6". 

•197 

6' -2' 0 

•119 

Sodium Sulphate 

• 

• 

•046 

•on 

Sodium Chloride 


« 

*048 

•044 


(la) On an V^ir pl.'iin to the north of Bara Banki are patches 
of cultivation Holes were dug, A. :n the Csar which bore grass, B. 
In a field of Afhar ( Cajanus lodicus) The sod was similar in 
I both casesi being a siifl elav Salt was not visible at either place, nor 
wa» aov hankar present. The soil at A. was perfectly dry and very 
halt*, iluu at B* was damp and soft — 


Sodium C irbonalc 
Sxdium SuU hate 
Sodium Chloride 

! (»3) At Village Jarwal, Bahraich District, was a small area with 

' aalt on it. This wai^ however, not an Ciar pLin in the ordinary 
I aensCi being mostly unJci cuhiv^Lon — 





Sodium Carbonate 


• • *oit 

Sodium Sulphate 

. 

‘004 

Soditmi Chlorkle 

• 

*000 
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(14) Samples of soil from two holes in the Csar Experimental 
“ Reserve"' at Gursikran, Aligarh, and fiom one hole in the land ad- 
joining the “Reser\e’' contained the following amounts of salts: — 

I Plot in I Plft ^4 in I Land outside 
I Reserve ' "Rcseive. ’* 


1 i 

I *1.'. 3 -ftt r-i 2 \|i“^ft 3 .(>ft i-3ft 


S ^dmm Cailv natc . 172 3^^"^ ^71 1^0 oSg *0^2 58S S^9r243 

Sodium Sulphate . *073 112 *042 .. *0=^5 04.2' ... 

Sodium Chloride 1C9 187 <29 •3H5 *2^ *038 ’023 0231*003 

1 1 


Grass \ %s g^o^^lng on Plots 24 and 35, but none where the other 
hole was made. 

(15) S implies of ^0.1 weie taken in 1^96 fiom four holes in the 
same “ Kesci\c” at (Juisikran, Aht^arh. Some land was ploughed up 
in i8 ^5 and wheat was '^own in lh( cold wiather ol 1895-96. It w^as 
then found that on some parts the wlicat was most luxuriant, whilst 
oil other places not a blade of corn grew, d wo ol the holes, Nos. i 
and 2, were in one plot of whuil, Nos 3 and 4 w'cie in another plot. 
In each case the pairs of holes w ^re wilhm a coiipilc of feet of one 
anotfier Where holes i and 3 were made the wheat was excellent, 
whilst at the spots w'here holes 2 and 4 were made no wlieat grew 


at all 


I9t Depth 

Scxlium Carbon. itc 
Sodium Sulphate 
Sodium ( hl(>ride • 

2nd Depth 

Sodium Carbonate 
Sodium Sulphate , 
Sodium Chloride • 


3rd Depth 


Sodium Carbonate 
Sodium Sulphate . 
Sodium Chlonde . 


tfoh r 

\\ }u*r« 

W h( at 
grrw i\rn 

Hole . 

V\ here no 
\\ In at 

HI CVS. 

1 

I 


193 

02 1 

010 

6 -I 0 " 

6-1 (1 

061 

*416 

... 

••• 

}'6*-4 6 ' 

. /6'.4'6* 

073 

j '340 

•017 

I -oil 


I 


Hole 3. 
Whrr#» 
\Vh<*Ht 

cjrcw well. 

Hole 4. 
Where no 
Wheat 

I"- 6 ^ 


137 1 

1 


1 

'008 

C-i 6 ". 1 

6".i' 6" 

•043 

'013 

• 0(*5 

•333 

■012 


3 ' 6 V 6 ’. 

•340 1 

•337 

'023 1 

... 
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(l6) Samples of soil from 6 holes in the Vsar “ Reserve ” at Cherat, 
Aligarh, contained the following quantities of salts Grass covered 
the land generally : — 



Hole 1 

Hole 2 

Hole 3 

Hole 4. 1 

Holes. 1 

Hole 6 

1st Depth 

l"-I 2 . 

I -12 . 


C-u". 

1 

1 -12 . 

Sodium Carbonate 

M 9 S 

•647 

•416 ' 

813 

1 

'366 

•32 s 

Sodium Sulphate . 

•013 

*0^0 

*038 


•172 1 

*102 

Sodium Chloride . 


j ‘095 

•023 

071 

•080 

‘012 

2nd Depth. 

1 1-3 ft 

1*3 ft 

1-3 ft 

j 1-3 

1-3 ft. 

1-3 ft. 

1 

Sodium Carbonate 

1 2Ql 

S8s 

SiS 

Rm 

•297 

‘431 

Sodium Sulphate . 

024 

‘072 

023 

•060 

•091 

•109 

j Sodium Chloride 

•• 

102 

020 

092 

1 *c 5 o 


1 3rd Depth. 

ft 

3-6 (l 

3-6 ft 

3 6 ft. 

3-6 ft 

3-6 ft. 

Sodium Carbonate *105 

1 

0 9 

1 

034 

1 

‘022 

•208 

j Sodium Siil|jhatc . 

021 

1 

1 

02g 

Ml 

*01 3 

Sodium ( blonde 

j 041 

00 s 

1 012 

1^3 

•• 

•• 


5. I ookmg over the ana'vscs of these various sanip'es it will 
be seen that generaliv the salt winch is present in greatest quantitv 
IS Sodium Carbonate In two cases on v (Ncs 4 and 9) was 
Sodium Sulphate the pnncijn’ salt , in four other cases it was present 
to the extent of i to 2 per cent 

In no case was Sodium Chloride present in considerable amount 
In the soil of Plots 24 and 3s at Gursikno this salt was present in 
amount varvuig from i to 3 p r rent , but thi-. is exceptional 

Also It wil’ be seen tint where the sa'ts are present in any mate- 
rial quantity, the greater part is present in the first few inches of 
surface sot! and the proportion then rapidlv diminishes 

On the other hand, in those soils in which grass or other 
plants ace growing, the sa'ts are much more cvenh diffused. This 
IS very dearlv seen in the case of the samples uken at Gursikran 
(Nos 14 and 15) and Cherat (No. 16) In No 15 at Gursikran 
(Holes s and 4) nothing vras grownng at the time the samples were 
taken, but grasses had been showed to grow for many years until the 
year 1895. 

VA}iJAB rSAR. 

6. In November 1895. I visited the Districts Kamal, Ferocepur, 
Mtutaffargarh and the Cheoah Canal in the Panjab, in all of w^ch 
Vttr land occurs It is also called kalrah land, and the salts 
are called kallar. For the sake of uniformity the term t/tar land 
will he adhered to 
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With the exception of the usar at Muzaffargarh, which is low 
lying near the River Chenab, these Panjab tracts consist ot very 
similar land to the usar of the North-Western Provinces and Oudh ; 
they are level lands of yellow alluvium containing a high proportion 
of clay. 

The following notes describe the usar of Ferozepur, the land in the 
neighbourhood of the Chenab Canal, and Muzaffargarh, the chemical 
analyses of the sods being added. In addition to these some analyses 
of usar soil from Lahore are given. 

7 The Chenab Canal > — I tra\elicd over the following route 
on this canal : Killa Ram Kaur, Vaniki, Kolotara, Saidnagar, Sagar, 
Nanuana, Marh, Mochi\valla, Sangla 

Speaking generallv there is a distinct difference between the land 
which I saw on this route from Killa Ram Kaur to Sagar and that 
which I examined between Sagar and Sangla. 

In the former indicated country the village sites appear to be 
generally on a soil of good brown loam, well cultivated and bearing a 
fair number of trees. In between them there are large stretches of 
a gre) ish clay. These are the so-called kalraii lands. They are 
rareU cultivated and a few babuls etc., are the only trees which break 
their monotony. The vegetation is scantier than on similar land in 
the North-Western Provinces, but the) are rarely cut up by surface 
drainage (perhaps because the rainfall is lighter). 

But. although these kalra/t lands have been considered to be 
unculturable on account of the salt they tontain, I found only verv 
slight evidence of the presence of such injurious substances, indeed 
it was onlv here andihere in the water-courses tliat any indications 
cf efflorescing salts were to be seen 

The following are the analyses of samples of soil taken at four 
plates in uncultivated kalra/t land , there is in addition one sample 
of cultivated kalrati land and one of a good loain near some kalraii 
land at village Kaliki 

and ib) were taken m land in village Kolotara at a spot 200 
yards nonh-norih-wcst of the 2o,o<;o feet stone on the Gajar Gola 
Rajbaha. No grass was growing and no salt was apparent on the 
surface, but some little salt was 10 be seen in the water-courses. 

It was about the w'or^'t spot I could find in the neighbourhood. The 
analises show that there was some amount of Sodium Sulphate, with 
much smaller pro|)Oitions of Carbonate and Chloride. The land in 
the vicinity was being brought under cultivation, ic) and (d) were 
taken from two spots near the Sagar Bungalow in kalraii land, and 
they contain practically no salts at all (#) was selected from the 
surface soil of a cultivated field of kalraii land near sample (r). {/) 
is a sample of good loam from a field near Sagar Bungalow ( g) and 
ih) are from village Kaliki, 2 miles north-west of Nanuana 
Bungalow. This land is of the same nature as the foregoing, is a stiff- 
iih clay, and is termed kalraii by the people. There was no 
v^jgeof salt on the surface, and, as will be seen, the surface soil con- 
tained practically no harmful sails ; whilst the sub-sotl contained a 
little Stxlium Sulphate. Nor was there in the vicinity any tah in ibc 
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water channels or on the spots where water must occasionally lodge 
after ram. Sample {t) was from a field of good loam from tillage 
Kaliki 

In the country south-east from the Nanuana Bungalow, in 
tillages Burl Dara an 1 Dinga the cultit ate 1 lands appeared to be 
somewhat stiller than at kaliki, whilst the gra^iing areas seemed to 
be of a distinctly lighter natuie than the iih i/i clats. \ little 
salt was present in one or two of the irrigating chinnels due possibly 
to the well water used but it had not pro luce 1 the bare patches m 
the fields which are so characteristie of the North \Ve^t„in Piovinces 
Csat — 


Kolotara NearSaqar Bt ngsl >w \illa i- Kauri 


m lies N \V, of 
Ninuana Bunga 

1 )W. 



»> 
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y 
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V. 
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•• 

Sodium ( arbonate 

045 

•171 


\ll 

•04 1 


OO’’ 

054 

\iL 

Sodium Sulphate 

. So! 



\tl 

\ 1 

V// 

(>'’6 

2.; 1 

Vi/ 

Sodium C blonde 

* 4 ' 


o\ 1 

01 1 

\|^ ‘ 

' CH S 

Of s 

017 

02; 


8 In a Not^ wntiLn In Mr M F 0 Dwyer, C 8 , in 1894 the kii- 
ratt landb of this localiu are thus vies nhe 1 — 

** I he mIUi^os in the ml Di\ision of the Clientb Canil irnp:aling 
from *hc \ «niki, (»a)u (i,)la ind K-ilnn^sal i Ri]l ah is an 1 the Kot 
Nikkft branch, have as i kiIc i large pail of ihcir areas affected by 
oiher>MBC kno>Mi as when it lakes the form of a 

white efflorescence on ilie sui face ThesOil m which these sodium salts 
are found in dcj»o^ii is generally a siiff clav sounsh or salt to the 
tajite, tnd ts known as kairaft in contra'll lo ihe sweet cia\ known as 
roAi which is the best of all sods. 'I he kadar or kalra t land some- 
times rests on a stratum of Linkur Trevious 10 the opening of the 
Chensh Canal no attempt wis tm ie to cuUi\alt this sour cU> except 
here and there in low hollows, wlierc drainage water collected It 
was too stiff and ihtrsty to grow ijram crops with the «mall rainfall 
of ihtt tract, and the aemmdars were averse to smkinj wells m it, 
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partly owing to the difficulty of boring through a stratum of hard clay, 
With perhaps laiers of hinkar sandwiched in here and there, but 
chief!) because they believed that the land could not be made pro- 
ductive even with well water A\hich lhe\ said, would bring the reh or 
shor 1 to the surface and render the land worthless In fact in previous 
settlements this land, which in round numbers embraces over one- 
third of the total area of the W i/iribacl I ahsil and about one-fourth 
of Hali/abtid, was recordtd as itrmumktn t e unculturable waste.' 

I had thf »efoie expected to meet with a state of things similar to 
those in 'be Nort i-\\< rn Vn nee mi was somewhat surprised to 
find so htti eMd of s’llts in the soil IheainUs s leave no doubt, 
howe\cr th it oxlc| ing liere ami there, this soil is not (at hast at the 
surfice) ser ousl\ iinp^ gmtei with sodium salts like all this 
Indian a ’ i\uim, he sub soil dr linage is liable to be imperfect, more 
especiiili in the ibsencc of \f ^ei ition, ind pri'ibiblv on this account 
ail these w iste ’ Is coniain a 11 proportion of sodium sails It can- 
not be too c-irefulh borne in mind thit although this tih is inallpro- 
babiliti the r< fuse sodium salts of the soil, llb^^^ted but not assimilated 
b\ plants ind ahlnnjrh iKo the unoiint of water withdrawn from below 
i\ ])lants in culti\ Ued arc is and dissipated into the atmosphere is 
greater than wherr vegetition is absent or but poor there is at the 
same lime in cultivated hnd a much more perfect circulation of water, 
the roots dLSc< n ling is triev do 1 )r mint feet keep the sub*soiI open, 
and the mtiirvl coniiiiions f ir dr image arc lulfiiled The^e kalratt 
hn is certamh appear in some cases to he quite diffirent from the 
cultivxted hndsroiin 1 thf villages ihev are generalh clat s, and it ap- 
pearc i to m< tint herein lies possibb the expl mation why they are 
gt m r iil\ left lor l rvzing th» \ are nioie d ffiLiilt to plough and cultivate 
and the peoph w 11 iniuralh thoose th* loams for raising produce so 
long as th( re is an\ chocc in the matter With the advent of a 
p eniitul sii[)pl\ of tier s\irh as is assure 1 bv the C’henab Canal, their 
cubiv \t on of ihis an 1 is rtn Icre i corn par iiu civ eas\ and although 
there seems to hive ken ii hrsi a bi lief among the people that such 
land would not pro luce crops that creed his now broken down 
and doultless ihtv will be cn tiv iied in the future, a change which 
will probably be \crv b^nkiciil to them. 1 ouclung this point I 
quote igain from Mr O’Owyer 8 Note — 

“As remarkel bv Fateh All Shah 7illadar, in his report, 
even when the canal was opent'd m July the zemindars 

thought u useless to attempt bre iking up this land even with 
canal water, and it was not till a few of the more enterprising 
set the example by growing nee with success on kallar land, that 
their opposition was overcome. Thereafter there was a general 
movement to growing nee on such lands with canal irrigation, which 
IS still extending, and many villages with a light loamy soil Ibi 
snpenor U> iht kallar for haram or well cultivation, now envy their 
neighbours the possession of the large kallar areas, which till the 
advent of the canal were regarded as worthless even for grazing/' 

“ So slow, however, are the people to give up the old tradition^ that 
even after they had seen good crops of ncc grown on hallar, they 
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fell back on the opinion that such land would after one or two crop- 
pings become exhausted and afterwards become quite barren When 
I joined the Settlement in September 1889, this was the universal cry 
of the Hafizabad zemindars. When 1 now confront them with the 
fact that the same land has gone on yielding excellent crops of rice 
for six or seven years in succession, they have to give up that position,, 
but fall back on another and at present more plausible one, viz., 
that this kdllar land will grow only rice, and that in yearly decreas- 
ing quantities, and will not grow spring crops such as wheat 01 
barley." 


“Meantime other kallar villages (there is an extensive group of 
them from Jalalpur to Pindi Bhattian running parallel with but be- 
yond the influence of the river) which have not yet received any 
canal irrigation, are clamouring to have canal water extended to 
them, and complain that, unless this is done, they will be completely 
broken down, as tenants are deserting them for the more profitable 
and less laborious cultivation on the canal." 


9. Nanvana to Marh. — For several miles after leaving Na- 
nuana, the soil on the south-eastern side of the canal is in many parts 
fairly clayey. Passing them to the other (north-western) side of the 
canal; 1 found that the soil becomes somewhat lighter in nature as one 
approaches Mochiwalla Bungalow, and there sveie occasional ap{>ear- 
ances of salt in the canal banks. Bui the land, e\en in the depres- 
sions or holes, did not exhibit any accumulations of salts, as is gener- 
ally the case in C^sdf land. Here and there the surface had the thin 
black crust, which all the more clavev soils exhibit in the waste 


areas. 


Near Mochiwalla and thence more or less all the way to Math 
there are more indications of salts in the surface soil than I saw else- 
where on this canal. There is a fairly strong patch nn the norih- 
weslcrn side of the canal at Mochiwalla, between it and the Rajbaha, 
but further out in the waste land the Siilis disappear again and the 
soil seems to be somewhat more clayey, in the following staicmeni 
of analyses those marked ia) and (^) are from a hole close to the 
bridge in the area Irclwccn the canal and the Rajbaha. Here there 
was a very consideiablc amount of salts m the soil, most of which 
was at •he surface. 

From Mochiwalla to Marh the soil appeared to become decidedly 
leas clajrcy and a ncwlj sown hedge of sk^ham near the canal was 
flourishing (excepting in places), and showed excellert growth for the 
dght months since it was planted. But here and there near the road 
little patches occur, where salts have effloresced on the irrigation 
channel of this hedge, and the trees have died away here in great 
measure. To the west of ihe Marh Bungalow the soil is everywhere 
a yellow loam and even sandy m places. Nevertheless there are in 
many of the fields very distma signs of salt efflorescence exhibited in 
some places by the weak patches in the mAi crops^ whereas in oCbera 
theaaltshad e^rtsced on the surface. Tlic analyses 0 ) and frfjarc 
of ten) taken from a level place (about 50 yards noith-wcst of the 
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alkali ' as the Americans call Sodium Carbonate ; it appears in 
both cultivated as in uncultivated land, and it was frequently a matter 
of surprise to me that crops grow in this land at all. The soil is, 
howeier all ruer silt of recent origin and contains a high proportion 
of sand in the sub-soil. In some of the grazing grounds I found 
pure coarse sand thrown up bv moles or worms. Moreover, the 
land 13 liable to occasional floods from the river Chenab as occurred 
in 1894 Hence it la probable that the salts are caused to diffuse 
through the soil annualU more or less and only concentrate at the 
surface foi comparaU\elv short periods of time The sub-soil water 
level 18 everywhere near the surface averaging feet 

The following samples of soil were selected an i anal}SPd — (a) 
To the we^t of Muzaffargarh theic is a bad piece of usar which 
affects alike cultivated and uncultivitel Und though, as usual, 
the salt appears in greater quantity on the litter 

Hole 1 in trrazing land where water flows or lies late no grass 
grew just here though the mam poition wis covered with a tall 
coarse griss T here was cultnation with well irrigation 100 }ards 
oft. Water at 1 ) feet from suiface. The soil consisted of river silt 
with no cla>, and moisture existed up to the surface. 

Hole 2 in the same gri/ing groun 1, though half mile further 
north the conilitions were s unUr to those at Hole i but the salt 
seemed to l)e present in hrgci amount Water probably lies here 
. after the rxiiis I he soil yy is soniewhtt drier thxn at Hole i 
moisture ap))Cired at about 8 inches below the surfiLP 
{ The aiu'yseb are set out in tht following stiieinent At both 
j phees there w IS a large amount of b ih Sodium Carboniie and 
Sulphite, more than sullicien! to damigc crops. 

' ( / ) At a \ i lage (ji/anfargarh, about 18 miles south of Muzaftar- 

garh, there is a piece of bad u^at, which is a regular swamp and 
appealed to extend a consi lerable disunce The samples from 
Hole 3 in me slalement were taken at a fairly bad pWee, The 
soil consisted of dark-coloured silt, noi clay, yvilh moisiure up to the 
surface Tins area is not cultivated, bui used as a grazing land and 
appcired lo Lc subicct to j>criodical submersion by water Apart 
I of ii was ocevpud b) a jh I at the ume 01 inv visit. A sample of 

I average good eu’livaie 1 hnd svas taken at llie yilhge Mohammad- 
! pur, near Gaaanfargarh, and the anahsis is label’cd Hole 4 m the 
Slalement - 
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But t! 1 the \va 3 from Muziffarcjarh to Gazanfargarh there is much 
Rih in the fields and I was surprised to see so much cultivation. 
There were man) cultivated fields which apparently had as much 
tth in the surface soil, as would have prevented then cultivation in 
the North-Western Provinces This is, I believe, not due to any 
superiorit) in methods of cultivation or to the presence of an espe- 
cia Iv good class of cu t vatoi Infictih'' reverse wis rather the 
case, the implements and cattle being of a worst class than in most 
I vr s of the North Ue-itcrn Province-^ and the ciltivation generally 
rtuvtliing but goo 1 Nor IS ihe natur of 'ne salts of a less pernicious 
(iescnptio 1 Unn in other aflected phtes for, os the analyses show 
they consist of Sodnm Carbon iic and Su’pliate in about equal 
amount. 1 bciieve tint it is in i gieat mcisuie due to the presence 
cf t lirire r retortion o' t larsc sand in the sub so 1 and the conse- 
quent (pen nature ot the 1 in ' tigelhcr with a pi ntiful supplv of 
Mil) soil v\ iter neir til surf < thusjrobiblv allowing the salts to 
1 ecomt ptriolicilv diffuse i m it or less that the cultivation is as 
good as It IS 

12 Ferozeimr — In this li strict I saw (during a jour- 

nev from Fero/e] iir to Je I hh 1 1 ) but little usar or k illar 1 ind Near 
I ero/ej ur some of the land if one vilhge was affected and again 
at le' till a 1 there w is an irea of u ar land 

1 roiii the aiuhses of th se sods the follow lug statement) 
n will he seen that the imounl of silts jirestnt in the surface soil of 
the cultvated fields near Fero/ctur vv is not ineonsideiahle, though 
there w IS at the stm tiiiu ni Nodiuin Carb iinie The land at 
1< ililal eont lined ven c iiisi ierable iiuaniities of all the three 
so liuin s ills — 
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II ihu, tan ytnngn — Ousiicthc C hangt M*nga Fuel Re 
wr\c the hnd im a barf ^Ma/ln. irea wiih but liitic scrub jungU and 
ibcsoil nis dn irul \ci\ hard U the lime of mv visit The follow- 
aiu i>Jin\vs the 'irnount of ‘altb Jn the surface soil per cent, — 
boJjuiii ( arbonite 6o<liuin Sulpliale Su4iuu) Chlwi^ic 
01*^ 011 

T1 IS lah ! ma\ b laid to bt praciicalh free irom Soda Balts 
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14, Lahore . — There is some salt present in the surface soil of the 
Lahore Horticultural Gardens, and the following afialj-ses of two 
samples of this land may be quoted. It will be seen that it consists 
principally of Sulphate and Chloride with minor quantities of Car* 
bonate : — 

Sodium Carbonate, Sodium Sulphate. Sodium Chloride. 

* • ‘043 1‘059 1-^64 

2 . -143 -277 •3()4 

15. As regards these usar soils in the Panjab one may now draw 
one or two conclusions : — 

First . — It will be seen that all along the Chenab Canal, and at 
I Lahore, Ferozepur and Changa Manga, the principal salt present is 
j usually Sodium Sulphate, though at Mochiwalla on the Chenab Canal, 
I the major part of the salts was Sodium Carbonate. At the Lahore 
I Gardens there was a good deal of Sodium Chloride. 

I In the khcidir of tlie Chenab Rner in Muzaffargarh District there 
was a considerable amount of both Soduim, Carbonate and Sulphate. 

Secondly —It may be safely asserted that much of the land which 
is termed lalrah in the neighbourhood of the Chenab Canal does 
{ not contain much if any of these Sodium salts. It is a heavy clay 
soil, difhcult to cullnate, and probablj for this reason the people 
have raised their crops on the lighte.” loamy sods. 

ThtrdU — As in the case of the I'orth-Western Provinces Usar, 
the greater part of the salts exists in the surface soil. 

J’SAR jy GVJAliAT, BOMBAY. 

' 16. In the Kaira District of Gujarat, Bombav. there is a small 

aiea of land which is affected b\ accumulations of salts in the surface 
soil, and the following gives a description of it It is a peculiarly 
I small well-defined area in a countrv which is otherwise free from 
tisar. and is in tins respect different from that found in the Nonh- 
I Western Provinces and Paniab. 

I travelled with Mr. Ozanne from Dakor along the mam road to 
Kapadvanj, and back, and visited a number of villages on each side 
of the roacl. Evidencc.s of salt) efflorescence are to be found in 
many of these villages, but with the exception of the tract, presently 
to be defined, the salt) patches in the other villages are of no 
moment at all. 

The main inct of land which, is affected hv this salty efflores- 
cence, and which the jieoplc call usar, seemed to me to be 
I very well defined It commences a little to the north-east of 
Lesundra and runs westward towards the Mohar River. 

As to the other vulagcs which I visiied, Chiklod, to the east of 
the main road, contains no uutr. in Navagani. Jaloia and Thnn- 
j chal to the north-west of Kapadvanj. 1 found small patches of salty 
efflorescence in one or two dcjiressions which are tanks m the rains; 

' in villages MiFsm}air, .\mb.iara, Wasna, Daiap, 1 fonod no usar. 

I Between Daiap and Sikandra PonU there was a small area which 
traa alightly ailected. This was near a tank. 
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In the villages Laksmanpura (excepting the northernmost part), 
Saraalpura, Chetasamba and Ajupura there was likewise no usar. 
The only area which was at all badly affected was that alluded to 
and includes Lasundra, Ladvel, Laksmanpura (northernmost part), 
and Kathana, and seems to be comcioent with a drainage area 
which occupies the same ground. 

17. Regarding the nature of the soil of this part of the Kaira 
District, It vanes from a description of black soil to a light yellow 
one. 

Although the junction of these soiW is not in any one very 
distmct direction, it is nevertheless ^e^v well marked everywhere, 
the change being complete within a few )arls 

At Chiklod the soil is black for the most part and it is the same to 
the eastern side of Lasundra, whilst the villages Laksmanpura Samal- 
pura Chetasamba, Ajupura arc all on this black soil On the other 
hand, the villages Kathana, I^clvel Lasundra (west part),Daiap, Dana, 
Ambliara Mirampura are all on i light }elIow soil The same sort of 
soil lies to the north-west ot KapiJvinj icro'-s the Mohar River 

Regarding the black soil ot the district, it is in some respects 
quite different from the true* Black Cotton' soil, although it resembles 
It in others 

It has no loose surface soil, but is hard and impervious instead ; 
It cracks like the Black Cotton soil but the cracks are much 
smaller , in the grazing lands there are numbers of large holes 
I foot and a feet deep where the water has last lam. Kankar under- 
lies It in many places 

The yellow soil is similar in colour and general character to that 
found in the North-Western Provinces. It is distinctly sandv for the | 
most part, and 1 saw no large area which could be called clay, 
though here and there the soil of a held approaches to that 
character Kankar underlies these soils also ver) generally. 

As usual, the thickness of the kankar vanes \ery much indeed ; 
in some places it is only a few inches thick, in others it is many feet 
and in one place Siraalpura, it measured some a 5 feet in thickness. 
But this is exceptional, and generally it was i or a feet in such 
holes as 1 came across or had specially dug. 

18 The water level of this area varies very rapidly indeed At 
ladvel It was, at the time of my visit, ii feet from the surface, at 
Chetasamba in some grazing land it was only 2 feet, at Samalpura it 
was some 30 feet, whilst at Ajupura it was 60 feet from the surface. 

19. Turning now to the samp ts of coil which I collected {vide 
Statement attached), the two from Lasundra were taken from holes 
about 40 feet apart in some land which was apparently affected by 
salts Field No, 7^3 (onginal survey) was under cultivation, the 
hce of the last monsoon had been all right, but the gram (Cictf 
arietinuin) crop was more or less a failure. It was then on the 
ajoond and the nolc was dug where the crop had failed. The sur- 
Hice toil i*-8* was hard, dry and clayey , moisture met with at 1 foot 
and sod sandy loam from tnen clay Field No, 719 

(anginal survey) was lying waste and was in a much worse condition 
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as regards salt efflorescence than No. 723. The top soil was sandy 
loam and clay was met with at 4 feet. Both these fields are close to 
the main road. It will be seen from the Statement that hardly any 
soluble Sodium or other salts was in the suifacesoil of field No. 723, 
whilst there w^as about tw'o-tenths per cent, of Sodium Chloride and 
rather more Sodium Carbonate m the surface soil of field No. 719. 
The sample taken at village Chiklod was not usar. It was from 
a piece of grazing ground which the people said was very poor, but 
there was no outward sign ot salt on tlie surface. There is, as the 
analysis shous, some So lium Chloride, but nothing else worth men- 
tioning. The other eight samples, three from Lad\el, one from 
Laksmanpura and fourtrom Kathana represent the state of the worst 
parts of tiie drainage channel. The three simples from Ladvel w'ere 
from a hole in gra/mg hnd whore no grass grew. It w^as 
apparentl) a good loam down to 2 feet where u bceame more dajey. 
The surface soil contains o\er half a per cent, of both Sodium 
Chloride and Sodium Carbonate, win st there was ver^ liule Sodium 
Sulphate, but, as the second sample shows, the soil below 6 inches 
becomes rapid!) purer, the proportion of Sodium Chloride amounts 
[ to only about one-ienlh per cent., the Sodium Carbonate having 

' decreased to less than four-lcnihs whilst at 1 loot 6 inches deep the 

Sodium Carbonate is less ihm two-ieulhs per cent. 

The sample from laksmtnpura contained over two per cent, of 
Sodium Chlornle witii \en bide cise 

The chief feature ol the soi n tiic tv\o ficbls in village Kathana 
from whidi '^lmplC'^ wen laktn is Ujc Solium Chloride they 
contam> whilst the imouiUs oi other sabs m quiie subordinate. As 

I in tlie LAd\el sod, the major portion of the salt is in the surface 

’ soil 

, 20. Thus in the case of this land the predominating salt is Sodium 

Chloride accompanied b^ smaMer amountB of Sodium Carbonate; 
Sodium Su’pha'e is preseiii oid\ in very small amount in the 
majorit) of the sample^. 

SALTY LAM) /A THE DIAiAS, BOMBAY. 

21 In the ivighbonrhood of the Nira C oial there are certain 
areas whuh ha\e l)e« ome fflected with sab \ accuinidations. Under 
instructions tioin tiONcmmeni 1 cvunined ih s land in 1894, and 
the lollowing cxtruiv rom nn rep^^rt gi\e a d^ script on of the con- 
ditions under wh ( h the ir^a was r\is mg al the ume of my visit. In 
I the coumr^ cont'gvious m ihe Nua Cm\l 1 insjxicied six areas which 
< were out to me aslaxnig been injured b^ the canal, 

2J, 1 here is i r» »n.uk i|>le sum aru\ l>etwet n all the six cases. 

. Ills sinking as one a ong ihc roui (parallel 10 the canal 

which runs from west to cavt) how the roianon of 1 1) hill almost bare 
' Ot sol, reddish sod wiih ro^k. near the surface, (3) black soil, 
1 deep m most p!avc?» m the seutte ot ihe vallc\, recurs In the same 

i W4]i the canal jnss i ) through hard rock, (ai through soft 

j rock called ** Murum," (3) o\cr the b’ack soil of the naila. Such was 

I what I obacn^d as I passed from Baxamati 10 Nira, and here are 
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included the areas of villages Pandare, Wadgaon, Karanje and 
Nimbut. All the six areas examined are in the immediate vicinity of 
a nalla. The soil in each of the affected areas is almost entirely 
black. They are all on the “ down stream ” side of the canal, and in 
all the cases the greatest injury appears to commence at some little 
distance, 50-150 yards from the canal, from whence it extends. The 
areas are all very badly water-logged, and in all, salty patches occur 
here and there on the surface. Lastly, the erosive action of storm- 
water appeared to me to be serious. The Nira Canal commands a 
gross area of 300,000 acres, of which 107,000 acres are irrigable and 
it cannot be spared. It is necessary, therefore, to consider how the 
evil, which I understand Government admit is due to this canal, may 
best be contended with. Leaving out of account for the time being 
the source of the salt accumulations, the first question, ‘‘ What is the 
cause of the water-logged condition,'' may be dismissed readily. I 
have said that I undei stand Government attribute this to the canal, 
and the evidence which I obtained from the Canal Supervisors, both 
of whom have resided in these districts for many years, coincides 
with this view. They both showed me the fields which they could 
remember as being fertile, and which are now barren. 

The Supervisor of the Nira section of the canal seemed to mean 
exceptionally observant man, for he showed me how he used certain 
objects as land-marks by whiLh he could roughly measure the rate at 
which the land had been going out 0: cultivation. Indeed no one 

f oing over these lands could well come to anj other conclusion, and 
certainly agree with it. The next question is, whether the leakages 
can be stopped either partially or entirely. It is, however, one rather 
for the Canal Department to deal with, and I shall not attempt to 
discuss It. 

23. Then, as to the area which is affected, and also the question, 
Is that area increasing?" On this point 1 understand, there is no 
information, and to mv mind u is quite as important as the one which 
I shall presently consuler, namely, the means to be taken to over- 
come the difficulty. Nothing has helped me so much m making my 
observations as Mr. Ozanne’s notes. With these he includes sketches 
of the fields which he visited, and I was thus enabled to compare 
their present state with that of 1889. It washy their aid that I could 
determine the fact that areas under the Muiha Canal, noticed in 
another part of the Report, which were m a bad condition in 1889, 
are now certainly not worse, and arc probably better, than they were ; 
and had 1 had similar information as to the state of the different 
fields near the Nira Canal, a definite conclusion might have been 
formed as to the progress of the evil. Baramati was, however, the 
only one of the areas on this canal visited by Mr. Ozanne and myself. 
Mr. Ozanna'a notes do not include the exact position of the crop 
which he saw on the ground, but since 1 could find only two small 
plots of /Mr, besides the plantaun grove in field No. 333, I think it 
may be mfely stated that me cmI Ims spread. It seems to me, tbere^ 
fore, that one of the first things which Government should take in hand 
toil) the determinaliOQ of the affe^d area, and ( 2 ) thedcicnnmauoii 
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of the question whether the evil is spreading and at what rate With 
regard to the first of these recommendations it is hardly for me to say 
how It should be done , for in the first place it will require careful 
discretion as to what fields have been thrown out of cultivation by the 
canal. I believe, however, that the Patel s books taken in conjunction 
with the position of the land in relation to the canal would afford anae- 
ful indication The information can of course only be approximate. 

34, Regarding the second sugfi:tstion, nameh, the determination 
of the progress of the damage, I would recommend that certain speci- 
fied areas shot Id be chosen and the crops and other vegetation be 
actually recorded on the village mips together with the condition of 
the uncropped area, whether swamp} or not, the amount of erosion, 
etc , etc 


Thib work is not one which would absorb any extravagant amount 
of time I may mention that in going over the fields at Baramati it 
occupied about three hours and at Wadgaon where I inspected eight 
fields and sketched the position of the crops m m> note book, it 
occupied about one hour ind a hdf. I do not consider that I did it 
ver} thoroughly my time w is limited, but the information gained 
m such a way as 1 have indicated would form an absolute record as 
to the state of the land. 

1 believe certain determinations of the amount of leakage from 
the canal have been made, and these should also provide a valuable 
indication as to whether it decreases or not 

25 I will now consider the [>ossible methods of remedying the 
evil In his notes Mr Ozanne suggests drainage. 

When land is wat^'r-logge 1, dr image is generally the proper 
remed}. But hnd is gencrall} water-logged owing to surface I 
drainage finding us way into some basin (if I may use the term) or 
into such an area in which, although the surtace may be flat, the im- 
pervious sub soil forms \ basin and out of which the water can only 
pass over the side I he usual method is then 10 make openings in 
the sides and let the water out In such casts, however, the quantity 
of water passing m is less than that whuh can be made to pass out 
in the wa) indicated The case under consideration seems to me to 
be different from that usually met with As I examined the Barar 
mall area, [>erhaps more carefull} than any of the others, I will refer 
to It pprainly. 

In fields Nos 239, 243 and 245 there arc drams every 50-100 
yards, and these are simplv carrying off as much water as will run into 
them. The soil is, moreover, one which would, if it had an oppor- 
tunity, eauily dram itself , it is a fairly open soil and would not under 
ordinar) conditions become water logged. Moreover, u slopes away 
to the nalla But it appeared to me that aa fast as it let the 
water through, as much more came from the canal to replace it, in 
fact that the supply of water was never endmg If I am nght in 
this conclusion, the more the land is drained the more water would 
leak m from the canal, and I, therefore, doubt if the method would be 
•ncccssful. But in addition to this there is the cost of drainage which 
and 1 raise the quesUon whether drams could be laid 
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for any sum which would be recovered. Circumstances naturally 
alter cases, and it would manifestly be a mistake to make the sweep, 
ing assertion that drainage would do no good in any of the areas, 
even of those which 1 visited. At Baramati, however, 1 came to 
the conclusion that, however much the land might be drained, so fast 
would water come in from the canal. Very much the same conclusions 
forced themselves upon me as I visited the other areas. 

At Pirapli, for instance, the people have cut a drain down field 
No. 2 2 to the nalla, but, although it carries away the water as it passes 
into it, the benefit is not perceptible ; for the land is as bad as ever 
it was, and the soil (see notes) in the area of the drain is so bad 
that it is not safe to go near it. If the drainage were effecting a 
remedy, the soil near the dram should be drier than elsewhere. 
However, at field No 13Q in village Hoi (by Wadgaon Bungalow) 
the people are trying drainage and it wall be possible to observe here 
if any benefit ensues. 

26. I must now refer to another point w^hich I ha\e mentioned, 
namely, the erosive action of storm water. In his notes Mr. Ozanne 
remarks that ihe people arc pulling up and that it is the very 
worst thing possible, 'I'hf* remark has only riderence to the effect it may 
have on the drainage of the land and his no reference to the erosion. 
Even from Mr. Ozanne's point of \iew 1 cannot quite agree waihhim. 
We have here to do wiih water which percolates fiom the canal, that 
is, from below, not from iiboNc, the smf.u , and aliboueh bunds would 
undoubtedh prevent some surface water from nass ng awav at times 
during the monsoon, thev will not inlcrfcie VMth sulvsoil drainage of 
the canal water. The rainfall of this di^trKt (see Statistical Atlas of 
Bombay Presidency) is disimcllv light. At Baram'iti it averages 22*7 
inches, at Supa 2c 3 inches, and at Indapur 24*8 inches; the major 
, pan of this being spread over five months. Put to mv mind the 
people are not altogether wrong in making these bunds. The erosion 
18 especially serious in these alTecled an'as, which, as I have pointed 
out, are all nallas or drainage channels, containing w'hat is proba- 
bly the best sod and the dec|>cst, and the people naturally wish to 
prevent the loss which ihtw see going on. I saw many of these bunds 
and they arc common to the country. Some bad given w^ay under the 
pressure of water. No doubt, owing to the condition of the soil, less 
rain-water soaks in ihui would otherwise be the case, and the iunds 
have more water to withstand. 

Indeed thif erosion must be considered only second to the 
leakage from the canal ; for not otily is’ good soil being carried off 
and oocuhurable channels or ravines being formed, but it appears to 
me that there is also another evil. It is here that the leakage from 
the canal teems to be greater than elsewhere : the height of ihe water 
above the turhee of the land i$ grcaiest and this difference is becom- 
ing greater; or, in Other words, the stratum of soil intervening be- 
tween the canal water is gradually being lessened, and the important 
question arises, whether, as this process continues, the leakage will 
tM increase ? I think it is a point worthy of consideration. 

S7< I have said that the people Imve good reason for making tuuds. 
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The onl} further question ^^hlch occurs to me i*? whether these are 
hundi of the best description 7he\ are simplj earthen embank- 
ments earned across the dra nige chinnelsand would have to with- 
stand a greit weight of wat r wiienc\er ra n fell. In a note, Agricul- 
tural I tig tr Ao lb of iS T have describe 1 a method of reclaim- 
ing ravine land, whuh Captain Chapman, on whose estate in Oudh 
I saw It has cdled lUck terrvcing and it has occurred to me 
whether this won! 1 not tisefii 1\ rc] hce these emb mkmrnts which the 
people it ] cbcnt cni} lo\ 1 think ih » \pcriinent might with advan- 
tage be nia le. In tins cisc thtre is newr inv great weight of water 
to be widistood and the surface w \ hm^ is reduced to a minimum. 

28, It rcmiins on \ for me now to consider the question whether 
anv crops mav be trie 1 (0 be crown on these lands in their present 
state 

hrom m\ notes it wi I seen tint ^ and iirwal are growing 
heat ih in most of tlu ii N 1 cvamiiu I If 01 ly these could be 
grown It woul 1 be b tier 1 n nod in for if lhe\ provide little in 
the wa\ of revenue th \ no nU prevent erosion, lut bv the action 
of tl eir roots v\niil I pro! d v open up the son to the passage of 
some of tl e w \tcr 

But in ul lit on to these T liave met with three cases where crops 
are grown g on these water lo^^e 1 Un is. 

In tield No 23^, ^ riiiiiti, I 1 )und a small plantain grove 
this lo( kc 1 heililn 111 1 it is s^nificant to notice that it has been 
doul led in si/e tins ir 

The Second c ise th u I met with wa^ in field No 262 at Karanje, 
where sugvr me n< w is gr( wing, ilth u^h the ficH, like all around 
It, was ihr)wn out of ciiltiv tii >n U fust I he crop looked well, 
aUhough 11 \ irn d sonuwhai in hcijrht as might I e expected. 

Ihe thirl use tl it came ui der m\ ol servation was at Nimbut 
wherf ihc f>toi c lia 1 tried nee in on held and it had succeeded, as 
the Cam! SujK.rM^or to 1 me 1 e tier than an) one expected, 

The same crop 0- the same remedv miv not prove effectual m 
allcises. but it sterns to nn most dtsirib’e that ever) encourage- 
ment shoid 1 1 e givt n to tl e p( ()| cm th» se affected tracts to grow 
something on the and if that U on v /jAw/ trees 

2(i Sinq’es of soil wert taken from eeriun of the fields and the 
following ire the not^s and aninscs relating to them. 

M 49 r€$fn 4 iti . — Field No, 22) Iliis lies to the west side of the 
nalia. Ihe onh part ot this which is now cultivated is the comer 
farthest from the river and nalia, Ihe rest is waste, babuls 
(Acacia arabica) grow wel^ and there is some grazing, but a verv 
large pan is oarren, water-lagged and salty. The soil is ‘‘black* 

( reguf ) and stony 

'^•dliUD ( arbOMU. Sodlam BaiptuU^ Bodlom CbIori4«, 
Per cent Per cent Per cent. 

. Stl. -02 7*53 

. Vtl, jg 9 3-807 
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Field No. 343 : This field, which is situated near the canal, has 
a channel down the centre and another between it and the next field. 
Sample D. is one of the first la inches of surface soil. Water com- 
menced to trickle into the hole as soon as it was made. The upper half 
of the field is waste, with a few bushes of iarwad on it; the lower 
half is salty and swampy. The sample was taken from a spot where 
the salt appeared to be rather bad. The soil is regur. 

SodiuiD Carbonate. Sodiam Sulphate. Sodium Chloride, 
Per cent. Per cent. Per cent. 

D. • . • • Ai/ '096 *040 

viUag€ noi — Field No. 170 : A sample of soil E. was taken from 
a field of sugar-cane at a spot where the crop was not very good. 
Water seemed to lodge here occasionally. 

Field No. 139 : This land adjoins field No. 170 and was affected 
by salty efflorescence. A sample G. wds taken to a depth of 2 feet 
in the badly affected area. 

Three samples of the salts (with accompanying earth) 
were taken where they had accumulated badly ; they are marked 
H., K., and L. in the accompanying statement. 

Sodium Cirbon&te Sodium BilphiU Sodium Chloride. 


E. 

• 

e 

• 

. 

( Total 

Balts -052 per 

cent. ) 

G. 

a 

• 

• 

• 

Ml. 

•189 

1*038 

H. 

• 

. 

• 

a 

Nil. 

26*24. 

1*5*6 

K. 

• 

a 

a 

• 

NiL 

27 *S 2 

•91 

L. 

. 

4 

a 

a 

NiL 

29 07 

•69 


I Two samples of the water from the Nira Canal contained 7' 28 
I and io*o8 grams of salts per gallon respectively, which consisted 
I principally of Sodium and Magnesium Sulphates with only half a 
I grain of Sodium Chloride. 

Regarding these samples it will he seen that the sails m the soils 
I consivi of Sodium Sulphate and Chloride, the latter generally predo- 
minating. The salts H., K., L., were principally Sodium Sulphate, but 
this accumulation of the one salt at the surface has probably been 
controlled by conditions of cr>*stalli6ation. Sodium Carbonate was 
absent from all the samples. 

THE AMOUNT OF SALTS IN GOOD SOILS. 

JO- It aecmed de«ir«blc to determine the amount of soluble Sodiam 
•idu which sre utaally present in good soils in order to form an 
opinion as to how much thebe user lands contain in excess of that 
which may be considered normal. 

As has become evident, rcalli bad «xar may contain from i to s 
per cent. o( these salts in the first 6 inches of surface soil, but there is 
much utmr land which contains considerably less than this amount. 

Tbe following statement eahibits (be analyses which have been 
made to thia end, from which it will be seen that although a 
smaQ proportion of these Sodium salts forms a normal consthoent 
i cd sculs generally, as indeed might hatre been anticipated, the 
.1 amoant la nsaally qaht smaU. The soil from village Mobajamadpur, 
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Mazafiargarh Distnct, was situated near land which was visibly 
affected by salts and it contained doubtless more than good soils do 
as a rule It was nevertheless a piece of good land near the village 
and regularly cultivated* 

The three samples of clay were analysed with a view to finding 
out if clays usually contain more soluble salts than arable land. Those 
from Dehra Dun and Cawnpur contained practically none In that 
from Saharanpur there was certainly some appreciable amount though 
not much 

It will be evident, however that good arable soils and clays rarely 
contain as much as i per cent of total Soluble Sodium Salts, and 
generally the amount is much less than this Further it may be 
assumed that all the three salts namclv, Carl onaic, Sulphate and 
Chloride of Sodium are comminly, though not always present in such 
land. 



POT CULTURES AND THE AMOUNT OF SALTS 
W HIC H WILL DESTROY PLANT LIFE 

31 In 1S9C; and i8g6 I attempted to determine which of the 
three salts so constanth present in usar soils is the most prejudicial 
to plant life Good garden soil was taken tnd with it each of the 
three salts, Sodium Carbonate Sulphate and Chloride were mixed in 
the proportions i *2 4, 7 and i o per cent On each occasion the 
plints were also grown in the soil without anv salt In the first year 
Maize, Gram Wheat Bariev an 1 Peas were sown in these artificial 
usar sods, and in lie second year Maize, Cotton And Ar Aar, SLud 
Wheat Bariev and Gram 

The first set of experiments were made in small garden pots, the 
second m moderatelv sized boxes Ihe soils were kept moist by 
almost dailv addition® of distilled water but the amount of this had 
to be kept down to a small limit, for of course no drainage could 
be permuted 

32 From these experiments one or two general conclusions may 

be drawn • 

The only mixtures in which plant life was immediately destroyed 
were those soils which contained 7 and i o per cent, of Sodium 
Carbonate. In the presence of this amount of the salt generally 
sjjeakmg, a few'seeds only germinated at all, and the plants died 
off in the course of a few days In all other cases the salts, 
Sodmm Carbonate up to *4 p^r cent and Sulphate and Chionde up to 
ro per cent were not generally immediately fatal, though In many 
cases the plants died off later 

The effect of ibe salts on the germmatio*! was generally to retard 
tt rather than to prevent it altogether 

In the case ol the cereals, Maize, Wheat and Barl^, the geroina- 
lion was first seriously affected by 7 per cent Sodium Carbonate or So- 
dium Sulphate. In one case Maize and Barley were held back by 
per cent Sodium Cbtonde, but in the other cases this effect was only 
produced by 4 per cent of Sodium Chloride The germination of 
cotton was affected by a like quantity. The gem^Uon ol the 
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letruminous plants Gram and Arhar^ was interfered with by a 

some I at smaller imonnt of th silts 2 to 4 per cent, Soiium 
Carl on lie or So hum Cl Ion k Inin^, suflinent to d > harm, whilst of 
Sodium Sulphite 7 per cent ^enenlh prcitd hirmful 

In the ifter c^rowth u2 percent Sodium C ubonate certainly 
cau*ied harm in the major t\ of eases, thoni,^h this amount did not 
actu-illv pro\e fatal, 4 per cent ^\Ls howe\er, quite fatal in the 
majority of c iscs 

1 he effect f) Sodinm Chlon le \ms nrt quite as uniform as one 
might hue Ik 1 li th fiist exj er ments it pioxed unquestionably 
harmful in qu ntities so smill ns 01 per cent but in the second 
senes ot exj criincnts it did less 1 arm and ‘^ome of the plants grew 
in the pr se cc rt 2 ; cr cent t erfcctl\ \\cll 

So 1 III 1 Su j 1 ate }r')\ 1 n loth ^ei s to he less harmful than 
the C \rl in te fr Ch n I ai 1 in 1 tl the khitif^ and the rabi 

1^91 Q", I ai i \N t ) the llcwer ng si m the presence of over *5 
\)Cr cent of il v si t 

(lon T\ \ il c ?nmin ni \ mts suffcrc 1 most read v and of the 
cerca s M i uff u 1 eit tl tt iicsit?;:?! perhnj s have been 
occasnne 1 t v the f c th t m re water was i lowed to the plants in 
the k/i inf tl in 11 the r ih 

3'^ We mi\ nfw c iijirc il cse pot cuHiires with the conditions 
of fern itv of of the u it soils referred to in the former part of 

this pap( r 

Anu ng the cast s examin d in the Northwestern Provinces usar^ 
atKikvvin(^B) tin’ n nth prest nee of more than 

I j(r(C!it 01 un ( irl nite in i i 1 l on to srniller quantities of 
h ilt ui 1 C h ( r 1 it II r\l in | r ( t H ) griss was growing in 

tiic iircscnce of 4 j r criu '>0 lium C nlonatc Jn the usai at Rasul- 

ibael ( ) ,,nss w s giowin 11 ific prr*^en(( of 2S percent Sodium 

C art on itc uid 1 2 n r ( ( nt ^ I u n \ hale 

At VI lec \nirimtu ( ) enss wiscroMngin the presence of 23 
f)cr cent Su ] futc in ilu sum c so 1 and percent in the sub-soil 
At Giirsikran ( 14) criss w is l,i{ ung on the j lots 35 and 24 whieh 
coi ta ne 1 lu rlv 2 j er e 1 1 S • urn Carliornte ind about the flame 

am( unt Lhk)r ele At < 1 rit criss is growing in the presence of 

as much as 8 jv r tc nt cf ^ 1 11 o t a bonate 

But aliho ifc^h some gr i| j < ir to exist in the presence of these 

amoui Is of sa is lier is no < \k1 ncc tl at culiivaud crops can grow 

under such condit ons Amis s as to the (|iiantitv of flails which 
senoush Tffeci crops show f i 1\ conclusivelv ihit so much may not be 
prcflr ni without causing s nous mjurv In example 15 of the land 

at Gursikran It will be H<cn tf t wheat grew perfectly well in the 

K resence of 137 per cent So imm Carbon ite in the top soil, but that 

wasi destroyed b> 2 per cent In example 5 at Rasulabad, a crop 

was growing perf^-ctly in the presence of 1 per cent* of Sodium Garbed 
nate At Mohamma Ipur Miizaffirgarh District, the soil contained 
•088 Sodium Sulphate an 1 Srdium Chloride and, although no 
crop was on the field at th* time, there was no tioubt that it was regu- 
Wlf cultivated Thus such evidence, as we have, indicates tfiat crops 
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may be cultivated in the presence of ‘i cent, of Sodium Carbonate, 

but that per cent, is sufiScient to cause at least serious injury if not 
altogether to destroy the plant. There are no examples showing how 
much of the other salts may be present in a soil without doing 
serious harm. 

34. The pot cultures which have been described indicate a con- 
clusion in agreement with those made by American Chemists, namely, 
that the least harmful of these salts is the Sulphate and the most 
harmful the Carbonate. The Chloride is usually present only in 
subordinate amount. 

The conclusion may, therefore, safely be drawn that the conversion 
of the Sodium Carbonate into Sulphate by the aid of gypsum would 
tend to minimise the evil effect of the Carbonate. 

THE EFFECT OF CERTAIN SALTS, SUCH AS 
GYPSUM, ON USAR SOILS. 

35. In a previous paragraph (3) of this paper I mentioned that 
one peculiarity of these usar soils is that they generally refuse to 


I seille, after being stirred up with water. If, for instance, one part of 
an usar soil be shaken up with five parts of water, the sand of course 
sctdes immediately, but the clayey particles remain suspended in 
the water and days will often elapse before even the major portion of 
the clay subsides ; indeed in some instances this pan of the soil has 
formed quite a thick cream with the water imd has refused to settle 
at all. In any case the clay ne\er subsides perfectly and at best 
there eventually remains an opalescent liquid. On the other hand, 
if a good boil be submitted to this process, it settles rapidly. 

Again, if any good soil or even a clay be mixed with water and 
then thrown on a filler (8\v loo grammes of soil with 500 c. c. of 
water on a 6-inch filler bed consisting of a perforated porcelain plate 
with a piece of cotton cloth over it, with a “ fall *' of 8 or 10 feet to 
I hasten the process), it will generally happen (naturally) that the first 
j portion passing through will be muddy; the filtrate, however, rapidly 
I clears and the remainder of the water will pass through clear and 
1 quite rapidly, often in 5 minutes. 

In the case of most usar soils, however, this is not the case. With 
them it usually happens that muddy water comes through ihe filter 
bed for a considerable time, the process ot filtiaiion rapidly becomes 
slow, and although the water frequently eventually passes through 
clear, this is bv no means a]\«tys the case, and it is quite as common 
(or the liquid which comes through to be opaUscemt, Again the process 
of filtration is usually much slower than is the case with good 
arable land or clays. It may continue for an hour or two, or it may 
and frequently docs take days for all the water to pass ; it also often 
happens that ihe fillcimg process stops altogether at the end of a few 
hours. 

If it be recollected that the quantity of soil named forms a layer 
of only about | inch on the filter, that the water used measuree only 
abont s| inches and that the filuaiion referred to takes place under a 
• pressure of 8 or to feel of water, it will be evident that pkfikuUy 
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as well as chemically, these soils differ from ordinary good soils. 
It will also be at once apparent that in the case of such soils ordi- 
nary drainage conditions must have ceased to exist. 

36, In the case of one of the soils which had yielded an opales- 
cent extract, I wished to observe microscopically what its condition 
was, and after finding that it contained iolid particles, I proceeded 
to see if they would become precipitated by the addition of salts in 
the same way as an acid causes many such light floating particles : 
to subside. I added solution of Calcium Sulphate (gypsum). It 
acted perfectly and in a very few minutes the particles collected 
together and gradually subsided. The same thing occurred in a 
test tube and it was at once apparent that a clear extract of the soil 
could be obtained by this means. The cause of this effect was the 
next thing I studied, and one of the first questions which occurred 
to me was whether this subsidence of the particles had any relation 
to the effect which the Calcium Sulphate must have had on the 
Sodium Carbonate present in the extract When solution of Calcium 
Sulphate is added to one of Sodium Carbonate, a simple chemical 
change occurs and Calcium Carbonate and Sodium Sulphate are 
formed. 

In the next place I found that small quantities of such salts as 
Calcium Chloride and Barium Chloride, which also re-act in a similar 
manner with Sodium Carbonate, forming neutral salts, had precisely 
the same effect and precipitated the particles from the opalescent 
extract of the usar soil. 

Experiments were now made on the entire soils. I added these 
salts to several usar soils (in water) which had filtered badly and I 
then found that the clavev piarticles simply coagulated in a most 
extraordinary manner and the whole very shortly subsided leaving the 
water perfectly clear and colourless. Moreover, after this treatment, 
the soils allowed liltraiion to proceed rapidly and perfectly. This 
effect was quite unitorm in the case of the soils experimented with. 

Other salts, such as Sodium Chloride and Sodium Sulphate, will 
likewise precipitate these usar soils. But the amount of them required 
for the purpose is vcr\ much larger than is the case with salts which 
re-act chemically with Sodium Carbonate, and the solution requires 
to be fairly concentrated. 

The change was so sudden and generally complete that it seemed 
likclv that It would occur su Idenly after a certain definite quantity of 
the Calcium or Barium salt has been added. 

37. I now carried out a quantitative experiment with a view to 
determining whether this peculiar curdling effect had any relation to 
the amount of Sodium Carbonate present. For thit purpose I 
selected a set of soiW in which the amount of Sodium Carbonate 
and other j^alts had been determined. It will be evident that if any 
relation exist between the curdling of the soil and the Sodium 
Carbonate present, the soil should coagulate when enough Calcium 
or Barium salt had been added to completely decompose the 
Sodium Carbonate. In each caae the experiment was made as 
loUowt; 10 gTammes of tfao toil was shaken np with 80 c. c. of ^ 
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distilled water in a glass n Under. Solution (of known strength) of the 
Calcmm Sulphate, Calcium Chloride or Barium Chloride, as the case 
might be, was then added from a graduated burette to the soil and 
water, m small quantities at a time, and after shaking the soil and 
water, the cylinder wis allowed to stand some lo or 15 minutes be- 
tween each addition of the silt in order to allow the effect to be observed. 
As soon as the coagulation became apparent, the quantity of the 
added Calcium or Barium salt was noted, and this quantit) then 
calculated into its equivalent of Sodium Carbonate. 

The results of this set experiments are set out in the accompany- 
ing statement, m which are also entered in the top line the amount of 
Sodium Carbonate which had been found by anaUsis. In four cases 
(Nos 304, 305. 307, and ilie amount of g\psum or other salt 
required to produce the coaguiation was ippreciahly in excess of the 
amount of Sodium Carbon Ue present, but in the other eight cases the 
amounts approximate quite as closeU as the circumstances of the 
exiienraents w’ouid admit It is to be expected that an excess of the 
gjpsum or other salt wouM be adde 1 beiore the coigulation occur- 
red, and, moreover, this change is naturally not so perfect an indicator 
as is the case, for example, in alkalimctr\, wIktc a coiourmg matter 
is employed. But tlie experiment does indicate, I think, a \er\ close 
connection between the coigu'ition and the amount of Sodium 
Carbonate, so much s(j that the conclusion may be drawn that it is 
due 10 the Sodium Cirhointe lliat ihe^sc soils ,^incrui\ offer so littiC 
facility to the passive of wwt mi consequents hinder to a xery 
great extent the nttiiicil process oi drainage. 

Stiifemcftf sho-tUfij fht nm p r iin\ ini t rin^ of S)fium Carbo- 
n jf() of cef taui Sah^ftjuir 1 1 ) i itnt lOJjma/i n f i ir Su/s 
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38. Hut tlic inoxt iinpona*u practical conclusion which ma\ be 
deduced from the foregouig series of experiments is the phy- 
sical cficctwhich gxpsum has on these scuU It has been 5>ecn that 
Uiia same cffcci is produced b\ other sabs. So far as the Cal- 
cium Chloride and Banum Cluon le arc conccnied, thej raa\ be now 
left out of considerifcUon. lhc\ v^crc morcK included in the cxjjcn- 
ments to prove Uic general cftecl which iho^e va is, which rc-aci wath 
Sodium Carbonaie^ haxe on these »oiU. 1 hcv are however , not only 
far looexpenstce toaienaU to ihmk of cmploxing them on the large 
scale, bol al^ more or less prejudicial to plant life. Gypsum, however, 
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IS a material vvhich occurs m large amount in various parts of India, in 
the Himdlaja, Salt Range, Central India, etc , and although, as will 
become presently evident, even then an expensive cure for usar 
land, It need not on that account besumma’-il) dismissed from further 
consideration. It is likewise a substince which would do no harm to 
crops It present in even \erv much greater quantity than that now to 
be considered. Since it appe irs to be the case that an amount of 
gypsum IS required b\ 1110*^6 sous to coagulate them, closely approxi- 
mating to the amount oi Sodium C irbonvie present, we may calcu- 
late the ainouiU of gvpsum requ re 1 to cure, or at least to open up to 
drainage water, certun lind.the anal)ses of which havebeen quoted 
in the previ )iis parigraphs 


It IS nccessarv in the first place to know the weight of soil per 
acre which has to be dealt with and from it to cilcuhte the amount 
of gypsum equiva’cntlo tin. Sod urn Carbonate. A little consideration 
will show that it is not ntccs^iiv to know tl is exactlv, for in the first 
p’ace the amount of silts in wiar soils \ ines rapidU as is shown in 
some of the examples previous \ quoted, and setondU one does not 
kno \ how fir down the salts iksctnd in the sub-soil, although the 
ana\ses quoted in this paper indicate that they are principally 
situated in the surface soil 


The weight of ciiv soil (in the drv state) per acre to a depth of 
9 inches IS Slated In Wanngton to varv from 3 to 3 's million pounds, 
which I ecornes 4 to 4 - mi ion jiounds to the dt pth of i foot Sohubler 
calcul Ucd he iv V cUv lindio weigh 3*2^ million pounds to a depth of i 
foot Some wou,hrn nts which Mr. Sabbrah, 1 rmcipil ot the Agricul- 
tural St fiooi, Cawn| ur matk tor me sf o ved thit the tirst 6 inclies of a 
field which IS in c’oo t manuriil condii on weighed 2 i million pounds, 
the ne\t6inch(s, howeser wds ttjuil to 2 3s million pounds. In 
another fic’ti which w is in | oor condition the first h inches of surface 
soil w is etjuil to 2 42 nil on poim is per acre and the next 6 inches 
to 2 SI mi jun poun U 1 liu^ the first foot of soil m the good 
fic d works oui to 4’^c rill ion ptninds, and that of the field m poor 
coiitliiion to 4 ligurcs which are higher thin what Sohubler 
found hut appioxirn lie to II < St ])ul)lished hv Wanngton Assuming 
then that the ukit an I of pr il u. al p’lins is gener Jly similar to 
the fie d m f oor condition or ;; mniion pounds per acre for the 
first foot, and assuming a casein which the soil contains 2 per cent, 
of Sodium CaiLonatc in the hisi too' this wnl amount to io,ooolbof 
Sodium Carfwnau The amount of g\|sura required to change this 
to Siilphale wouUl be 16, co Ifi o*^ (‘»av) 2or maunds, and allowing 
’I per cent, of ^odium rarfionaic for the second foot of soil the amount 
of gvpsum required for the first 2 ft ct in the field comes to 300 maunds 
per acre. Tins ih of course a largf amount and would probably cost 
nearly as much as the land is worth But there arc doubtless verv 
many ficxds more or less under cultivation, but sterile in parts, which 
might he cured by an application of a smaller amount of gypsum 
than that above mentioned. It may be of course that in practice U 
will be found somettmes unnecessary to neutralise the whole of ihc 
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Sodium Carbonate. For instance in a part of the Usar Reserve at 
Aligarh \yheat grew perfectly in soil containing *137 per cent, of 
Sodium Carbonate in the surface soil {vide paragraph 4), and if it should 
prove sufficient to reduce the quantity of Sodium Carbonate to 0*1 
per cent., the cost would be much less than if the whole had to be 
converted into Sodium Sulphate. 

In the case of some soils which I have treated with an amount of 
gypsum insufficient to convert the whole of the Sodium Carbonate, 
apparently the “coagulation'* process had commenced, and the 
soil allowed water to pass more freely than before the treatment, 
but nevertheless more slowly than after the full equivalent of gypsum 
had been added. 

Up to the present the experiments have been on a Laboratory 
scale only, but field experiments are now being commenced in the 
North-Western Provinces and the matter put on a practical footing. 
At any rate it may be safely assumed that in no case will any material 
benefit ensue from the application of merely 2 or 3 maunds of 
gypsum per acre. 

39. Regarding the best method of applying gypsum, whether it 
will be necessary to grind it up to a powdery condition or whether it 
will be sufficient to break it into pieces the size of an egg ; how 
deeply the land should be ploughed at the time of application, to 
what degree it may be advisable to mix the soil with the gypsum ; 
how long it will take the gvpsura 10 produce any effect on the sub- 
soil, are also questions which can only be answered by practical 
cxpciiraent. 

One or two things may, however, be noted. The first is that 
gypsum is not very soluble in water, and that it is only after it 
becomes dissolved that it can exercise the physical and chemical effects 
which have been described. One part of gypsum requires 400 pans 
of water to dissolve it, and, as a very simple calculation shows, 6 inches 
of water on an acre of land weighs 1,360,0001b, this allo\\ance of water 
would dissolve some 3,40o!b or about 40 maunds of gypsum Much 
more than 6 inches of water cannot be put on land (liy the aid of 
bunds of course) at one lime, and consequently 6 inches of water 
would not dissolve a dressing of aco or 300 maunds of gypsum at 
once. 

But these calculations arc valuable rather to show that a large 
amount of water would be desirable to assist in bringing the gypsum 
into a condition in which it can take effect, than to determine the 
absolute amount of water which might be necessary in any one case. 
The process which would follow the application of (say) gypsum in 
lumps the sue of a nuion ploughed land may be piaured as follows . 
Water having been applied, u would dissolve the Sodium Carlfonate 
In the surface sod and a small quantity of gi*psum ; that portion of 
gypsum which is then in solution rc-sas with the Sodium Carbonate. 
Sodium Sulj^tc (a very soluble salt) and Calcium Carbonate are 
produced. The (aa of the water now containing these two new salts 
does not prevent it from dissolving any more gypsum. On the con- 
trary, this tame water may now proce^ to dissolve up another lot of 
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g)psum which in Us turn re acts with more Sodium Carbonate and 
the process, so far as the ^^ater is concerned, might go on repeatedly 

But another circumstance plats an important part Supposing 
some g)psum be placed at the bottom ot a vessel and a solution of 
Sodium Carbonate poured upon it to a depth of several inches The 
Sod um Carbonate \Nhich is in the immediate neighbourhood of the 
gvpsum would re act with it at once, but if the vessel be left at rest, 
the Sodium Carbonate in the uppi,r ^^rita of the vessel would only 
come int( contact with gvpsum vcr\ si wl\, and consequent!) a con 
siderable time woul i elapse ere the thanc,e between the whole of 
the gvp uni and Cut orntc became complete If on the other hand 
means be emploved <o the Carl onate ia[)iil) into contact 

with the gvpsum the thinge w mli proceed quickh For instance 
this would b the c ise it the \l ^el were eons antlv shaken 

Apf h ng tin to the sup| ( e ! fi 1 experiment it mav be assumed 
that if the 1 ind were p oughe i (as is don for till whilst the water 
is in the it in the nie at wl ich the ,^v} s im w )uld be able to effect 
the desired chem cal clung ii the So 1 um Carl onate and the ph)bi 
cal one in the soil, woul I be materiillv augmente i 

Inculcntallv this process of ploughing would probably assist in 
overcoming another d flicultv 

laking i^ain the c sc of th lumps of gvpsum m the glass 
vessel of S dun Carbon de solu ion As pointed out in the first 
mstince, the Carbonate tciiclnns the lumps of g)psum rc-acts with 
itie litter an’ then is {r diued Calcium Carbonate and this is 
formed in piri at leist actiul v 7///;^ surf ict of each lump of gvpsum 
Calcium Carbonate is a vtrv inso ub c subsi in e much less soluble 
at least than ihegvj^sim 1 he conse picnce is that on each lump 
of gvpsum ilu rc is liable to be | rodneed a covering of Calcium 
Carbonate and this w niUl unless otherwise prevented act as a 
sheath and stop the hum C irbonale an i gvpsum from coming 
into further conuet w th eich other Agitation and rubbing the 
lumps against each other or against other hard materials would break 
up such cover ng of Calcium Carbonate, and similarly ploughing 
the land would also assist in producing this effect 

Then, loo, the smaller the lump s of gvpsum, the larger will be 
the surface in contact wuh the water and consequent!) with the 
Sodium Carbonate 

Thus It will be seen that a plentiful supply of water, coupled with 
ploughing, ma) malenall) assist in giving the g)psurathe opportu- 
nity to work Its effect 


REH 


40. These considerations have to do principal!) with the surface j 
soil In the case; of the sub-soil, where the plough cannot work and 
where (in such soils as are more or less impervious at fint to water) 
the water cannot readily carry the g)psum, it is impossible to do 
much to assist matters Thai the process will be slow is quite pos- 
sible, if not probable But having brought the gvpsum into con- 
tMct with the surface soil and thus causingtbosc physical and chemi- 
cal changes to take place which have been desenbed, wc may **rest 
on Otti oars ' as it were, Wc have destroved the Sodium Carbonate 
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in the surface soil and have provided a supply of gypsum for that which 
is in the sub-soil. If water brings the latter upwards, it is at once 
met by the gypsum and destroyed. If the irrigation water can 
penetrate the sub-soil it will carry some gypsum with it. Whilst the 
process is going on, some sort of a crop might be persuaded to grow 
in the surface soil. 

The foregoing is a picture of what is likely to happen, drawn 
purely from a knowledge of the pioperties of the materials con- 
cerned. 

41. One thing more may be alluded to. It has been fully 
explained, that the effect of gypsum is not to carry the Sodium 
Carbonate away, but to change it into another salt— the Sulphate. 
This, though less pernicious than the Carbonate, is nevertheless not 
harmless to plant life. Moreover, in manv usar soils there exist also 
the Sulphate and Chloride of Sodium. To effect a perfect cure of 
usar it is necessary to actually remove these salts. If, as the Labora- 
tory experiments already enumerated show, the soil, after treatment 
with gypsum, becomes pervious to water and drainage conditions 
establish themselves, it may then be hoped that these salts will be 
washed away from the reach of plant roots. 

42. It has been suggested by some that underneath these usar 
lands are “ pans "of impervious strata which are the cause of the 
very imperfect drainage. So far as I am aware, no snigle case has 
been described in which si ch a “ pan ” exists. Moreover, although 
1 have searched for them in cuttingN and river banks in the neigh- 
bourhood of usar plains, I have never been able to observe them. 
Nor IS It altogether conceivable that such a state of things is the 
general cause of usar land. Some of these plains are of large extent 
and the “Pin" corresponding to them would have to be very large 
ndeed. Then, too, is such an explanation compatible with the 
existence of all tlie small patches of usar which occur in cultivated 
fields? Of course such a discussion is purely hypothetical and 
without supporting cvidericc. 

On the other hand, the simple fact of these soils being frequentl) 
so impervious to water, as is proved by the filtration experiment 
described in paragraph 35 . is quite sufficient to explain why the salts 
arc not washed down, as is regularlv the ca^e in the cultivated areas. 
It must be admitted as at least posMble that if this physical change 
(which g^psum undoubtedly effects on these soils) can be realised, 
one might confidently hoi^i that the salts would be washed (more or 
less rapidl}) into the sub-soiland away from the plants. 

THE EFFEC T OF ESCLOSISG USAHI^AND FROM 

GRAZiyO. 

43. Ii has already been poimeJ out m paragraph 5 that where 
there IS any material uuaniitv of salts in utar soils, the major portion 
is aituaicd in the first tew inches of the surface soil. 

In 1S85 two considerable areas of usar land were taken tip by 
the Agricultural Department. North-Western Provinces and Oodh, 
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near Aligarh. The one is situated at village Gursikran and has an 
area of 718 acres, the other at Cherat and measures 241 acres. 

44 Various experiments were made at the latter place such as 
planting of trees and scraping off the salts annually, but the prin- 
cipal object with which both these areas were taken up was to see 
what would be the effect of enclosing the land from grazing. It 
V as suggested that by this meano the natural grasses might estab- 
l>^h thcmscKcs igain AccordingU a fence was put round each and 
grazing prohibited. The immediate outcome of this procedure was 
a rapid growth ot grass. In rcpoiiing on this point the Director, 
Botanical Dcjiartmonl, Northern India, writes in ibSy with reference 
to Gursikran: “ I he precailing grass is Aar-wrara which over the 
large portions of the ground grows in great luxuriance unmixed with 
an) other kind of vegetation Some of the blocks are almost en- 
tirely bare and efflorescent , others contain nothing but usar grass ; 
whilst in others there is a mixed vegetation, including various sized 
patches of dub grass which appears to be rapidly spreading. All 
these various conditions present a corresponding series of changes 
which the vegetation over the whole area has been undergoing 
during the time it has been enclosed and protected.” 

And regarding the area at Cherat the same oflicer reports : “ The 
effect of enclosing this piece of land, even for so short a time, has 
been directly beneficial in stiniuhting the growth of the natural 
grasses. The kar-usara 01 usar grass (a species of SpOfObolus) is 
r^idly extending over parts that were absolutely bare, whilst dub 
(Cymodon dsictylcn) and othci valuable fodder grasses are spread- 
ing in proportion ’ 

As the grasses extended, the salts apparenth disappeared from 
the surface more or less, and the (luestion naturalh occurred, “Are 
the grass roots opening uj) the sou so as to rt establish natural drain- 
age conditions ^ ' 

45 No samples of the soil of cither of these “ km r Reserves ” 
were selected wrhen the land was first taken up, and the only evi- 
dence of ihcir former condition which was at mv disposal when 1 
visited Ahgarh in 1893 were some illustrated sketches and notes 
which Mp. Outhle had made shortly after the land was enclosed and 
which he very kindly lent me 

From these, however, it was jiossible to find spots which were not 
only devoid ot grasses in 1888, but on which a plentiful crop of Reh 
was present. 

Judging by the analyses of land covered with Rih, which have 
been already quoted, one may assume that the amount of salt must 
have been something approaching ro per cent. 

In 1 893* the grasses had spread over plot 35 and no salt was 
visible Plot 24 was one of several on which rain water had been 
unually retained by means of an embankment, and the land was 
destitute of grass, but there was also no visible sign of salt. 

The analyses have already been dcuiled in p.iragraph 4 (14), and 
•twill be seen that not onlv is there comparatively little salt in the 
fuiiace soil, bat that the amount tnertaxet somewhat in the sub-soit 
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of plot 35. In the land outside the mar Reserve \yide 4 (14)] there 
was considerably more salt in the surface and sub-soil than in that 
of the two plots named. Again at the second place in this mar 
Reserve \vide 4 (15)] from which samples have been analysed, it will 
be seen that there is less salt in the surface than in the sub-soil. 
Finally at Cherat where grazing has been excluded and the grasses 
encouraged, much the same thing is evident ; there is as much salt 
in the sub-soil as in the surface boil. 

46. It would seem clear, therefore, that the enclosure from grazing 
and the consequent growth of grass has caused the salts to become 
diffused into the sub-soil and, although the process is a very slow one, 
one might anticipate that eventually these salts may become spread 
throughout such a depth of soil as to reduce that in the surface to 
a quantity which will no longer prevent the growth of crops. 

47. Conclusion, — I’he conclusions which may be drawn from the 
foregoing work may now be brieflv summarised: — 

(1) The presence of an injurious amount of Sodium Saits in the 
surface soil is not confined to land in the North-Western Provinces 
and Oudh and the Panjab, but the same [)henomenon has estab- 
lished itself in at least two other places in the Bombay Presidency. It 
would appear probable, however, that the occunence of the salts in the 
black soil tracts in the neighbourhood of the Nira Canal is due solely 

I to percolation from the canal 

(2) In the Norih-Wf stern ?ro\iiues and Oudh the salt which is 
' usually present m largest amount is the Carbonate. In the Muzaffar- 
I garh Disiiict of the Paniahaiul on ceilain lands in the neighbourhood 
' of the Chcnal) Cana! the pniuipal salt is like^Mse the Carbonate. In 

the Fero/epur District, at Tahore, and on the upper part of the 
Chenab C'anal aiei, the salt which is usually present in greatest 
aniouiu IS the Sulphate. 

In the land of th<^ Kail a Disld^t, t’^ujarat, and in (ho land oTi 
' me Nira ( anal lie principal sail is the Cliloiule 

(3) 1 hese ^^otliura Sal's arc almost uniformly concentrated in the 
first few inches of surface soil, the amount in ihe sub-soil being 

’ general I V considtrabl) less. 

(4) The amount of Sodium Salts in the surface soil of bad usar 
‘ land rarely exceeds 2 per cent, and is often much less. 

15) All the three SK>dium Salts. Carbonate, Sulphate and Chloride, 
are commonly present in good arable larni anvl in clays; the amount 
of them LS, ho\\ever, usually quite small, sometimes rising to as much 
I as onc-tcnlh per cent., but generally to much less than this. 

I (6) Enclosing land from grazmgand thus encouraging the grasses 
to grow, causes, or allows, the salts to descend from the surface soil 
and to become distnbuicd in the sub-soi! , the rate at which this 
distribution occurs is not known, but it I'i evidently slow. 

(7) The pot-culture cxprnracnis which have been made, indicate 
I that '2 percent, of Sodium Caibonaie causes injury to cultiv-ated 
plants and this result U incideniai.r confirmed bv certain examples 
I uken from the soils of fields. Of Sodium Chloride, a per cent, 

t probably does harm : *4 per cent, is certainly pernicious. Of Sodium 
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Sulphate, 5 per cent is probably not harmful to cereals. Plants of the 
leguminous order appear to be more readily affected by Sodium Salts 
than are the cereals 

( 8 ) The ven imperfect conditions of drainage which exist in usar 
lands are probably occasioned not bv an impervious “ pin ” below 
ground, as has been assumed b\ some, but by the condition in which 
these usar soils have arrived 7 he cause of this condition is piobabl) 
the Sodium C rbon ite present , if the Sodium Carbonate be destroyed, 
these soils become {lervious to water an 1 admit of rapid drainage 

The Sodium Carbonate may be destroyed by various means, one, 
which is perfectly auccessful, consists in the application of aynsum 
to the soil 

But whether It would be nccessarv to appiv enough gypsum to 
convert the Ahole of the Sodium Carbon itc into Sulphate or whether 
a less qudntitv would prove sulFicieni remains to be demonstrated 
bv field experiments 
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PRODUCTION OF xM) TRADE in TEAK WOOD. 

* Report and Working Scheme of the Nilamhur Teak Plantations,* by P. M. 
Lushington, Esq, Deputy Conservator of Forests. Review cf certain 
passages by THE EDITOR 


Vr. P M Lushington's Riport on the Nilamhdr Plantations 
(publi‘'lied under i.over of Resolui.on No 2';8 of the loth June 1896 TIONS. 
b\ the Madras Board of Revenue) will doubtless (by those interested 
in the production of and trade in Tfak Wood) be regarded as a 
valuable contribution to the literature of the subject, besides being an 
instructive essav on the Commercial Aspects of Timber Plantations 
gencrallv The following passages mav, therefore, be abstracted as 
exemplifv ing some of the more practical conclusions arrived at by 
Mp Lushington:— 

JHntory , — •• The Nilambdr tcik plantations were first suggested 
in 1840 bv Mr. Conolly, Collector of Malabar, who described their FormattoB, 
object as being to replace those forests which have vanished from 
private carelessness and rapacity — a work too new, too extensive and 
too barren of early return to be ever taken up by the native proprie- 
tor. 

*' The plantations owed their existence to the accident that one of 
the many religious bodies holding temple lands liapfiened to be in ! 
want of funds and to own blocks of land scattered here and there in | 
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this valley, many of which constituted the very best sites for planting 
that could have been selected had the whole area been available to 
choose from. 

“ At first considerable difficulty was experienced in making the 
teak seeds germinate and Mr. Conolly, in a letter of the 4th August 
1842, reported that of 30.000 seeds sown, none had come up, and 
that of 10,000 saplings transplanted, more than half had died. At the 
end of 1843, the true method was suggested by Dr. Roxburgh, and 
this method, with a few slight modifications, is continued up to the 
present day. ” 

Position : Climate : Soil (p, 4:1). — ‘‘ The plantations lie in the 
Nilambur valley surrounded by hills of Sisapara on the south-east, the 
Wynaad (S.E.) on the north-east, and the Camel’s Hump on the 
north-west side. The plantations all lie in the Nilambur range of 
South Malabar District.” ” The distinguishing characteristic of the 
Nilambdr climate is its damp heat so favourable to rapid growth. 
The temperature in shade ranges from 75° to 95^ The average 
rainfall for the past ten years is 94'5 inches.” Mr. Lushington ex- 
plains that the soil of the plantation is very varied, alluvium overlying 
gneiss rock or latcriie dciiicd from the hills. The observation has 
been recorded that the teak growing on alluvial soils was of first 
class ; that on laterite» second class. Further, that damp alluvial soils 
were not favourable, though these were improvable by drainage. 

Item amis for Produce (pages 45 — 47 ,).-— “The teak planta- 
tions yield marketable products of three kinds ; — 

{!) The timber which wUl be furnished bg the final crop 

and also during the later thinnings.— I' OT this, there is a large 

demand, and there is no doubt that all this first-class timber will 
sell at a very large rate. The superiority of Malabar teak is 
so well known that it is probable much of this timber will go 
into the Bombay, and even intp European markets. At pre- 
sent, however, there is no doubt that the best prices will be 
given by the Arabs who require it for their ship-building in lengths 
as long as possible, so lliat the planution teak is specially suited to 
their requirements. At present reall> good Malabar teak is selling at 
R3-8 to R4 pfr cubic tool in Caliiut, whilst Burmah leak in Bombay 
onlv tealiies Rj or a little moie. At present the .Arabs obuin their 
supplies from Cochin and Travancore, but the leak they obuin is 
inlerior, and there is no doubt that, when the planution becomca 
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explouable, the \^hole of thi*» demand will fall on them. There is 
nothing to show that there is an\ limit to the demand for teak of 
this size and quality, and it is unlikeH that the price of this teak, as 
It stands will e\er become less than R2-8 to R3 per cubic foot/' 

( 2 ) Tea/c aap/tn^ra.— The\ are divided into seven classes (i) 

measurables, < superior small), then first, second, third, fourth and 
fifth classes The firs* two classes arc liought by Parsee merchants 
and Cutch traders I he timber of this class is usually exported to 
Bhowanaggcr where it is used as beams for house building by the 
more we 1-to-do people The price realized for this timber is 
decidediv good, avenginc: R2 pe»- foot but it seems doubtful whether 
there is a verv hrge demand t )r such limber The other classes of 
Biplings are bought b\ tfc same traders and exported to different 
parts of Bombav especiallv J^howanagger, where there is a constant 
deman 1 for about 40,0^ j saplings per annum, which occasionally I 
rises to 6 j 000, but bevond this there is little or no demand at 
present. Ihev are cut up and used for the rafters of native houses. 
The average prices realized for these classes dunng the last five 
> ears are — 
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The following taM^' shows the number of Baplings told durmj 
the last ten vears under tlu oKi lu i revisevl working plan —— 
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This includes— In 1893-94, 111 logs (1,124 
cubic feet) realizing 
In 1894-95, 349 logs (7,076 
cubic feet) realizing 
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showing that there is a good demand for the larger timber taken out 
in thinnings. 

‘‘The present market demands special attention to two points:— 

(t) That all big timber should be as long as possible, length 

being the special quality (with good breadth) required by 
the Arabs. 

(u) That all timber must be cut and exported green and not 

seasoned or girdled, the reason of this being probably 
that salt water seasoning is preferable, and girdling 
destroys the essential oil for which Malabar timber is so 
celebrated. There is at present no demand for branch 
wood, so this cannot be taken into consideration in this 
plan, 

(5) Considerable quantities of bamboos are used 

yearly to float the sajdings. At present only the indigenous bamboos 
are used and these sell at an average of Rio per hundred in Kallai. 
These will be replaced by the introduced bamboos from Burmah, 
when they become fit for cutting, and their large size should render 
them verj’ valuable. At present, however, it cannot be stated what 
price they Nvill realize/' 

Lines of earpoH.^A main road runs close to the plantations 
into Calicut, but is not used for carting limber wliich can be trans- 
ported bv water so much more easily. Each block planted is served 
I by one or more small rivers down which floating is possible from 
July to October and in some instances later. Floating in the main 
river below Mombat is easy at all limes of the year. There arc at 
present 15 young elephants attached to the district. The great 
majority of those have l>ccn caught locally and arc being trained and 
arc now doing all the work required of them in dragging the saplings 
to the river, and some are capable of moving larger logs in the 
Natural Forest These will be invAluable when it comes to dragging 
the large limber in the final exploiiaiions. 

♦‘The plantations recently pul down have been carefully intersected 
with narrow roads, vhich arc very valuable for msj^iion and will 
•erve at drag-roads later* In any future planting, this should be 


Ledger. 


in Tenk Wood. (P. IS. Lushington.) 


5 ' 

g:randi& 


attended to, as want of them in places is much felt. In the older 
compartments this has, to a certain extent, been improved by keeping 
open the compartment boundary lines as lire lines. 

Depois.— The only regular dep6t is at Kallai, a mile from Calicut, 
but temporary dep6ts are made in the forest itself and some of the 
wood is sold straight from the forest depot Sales from the planta- 
tion are good and should be encouraged as much as possible, and it 
may be found practicable later to abolish the Kallai dep6t, though 
this cannot be done now. ” 

Proposals for Future— (pp. 67—68). — "It is proposed for 
the future to treat both the old and new plantations under the same 
method, t.f., a system of high forest with a clean felling of the final 
crop and artificial regeneration. The method to be accompanied by 
thinnings with a view to the improvement of the final crop. The 
felling to commence not earlier than the year in which the average 
girth at breast height will be 6 feet 6 inches. The measurements 
taken show that the centre girth will not be less than 4 feet 6 inches. 
On first class soils the final crop should consist of not less than 40 
trees and on second class of not less than 50 per acre.” 

" The age of exploitabUity has been found out to be 95 
years on first class and 140 years on second class soils, as worked 
out in the appendix.” 

" As the oldest plantation is only 50 years at present, no scheme 
for final fellings has been prepared. It has, however, been ascer- 
tained by employing the current rate of growth (the growth in the 
different blocks of plantation does not materially differ) Pannengode 
IS for its age slightly the most advanced, and Amrampolliem is a little 
behind the others. The final fellings must be spread over a period 
of at least 50 years." 
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DetermttMtion of final yield.-" The total yield per acre on 
first class soils is 3,000 cubic feet per acre and on second class s,ooo 
cubic feet per acre. 

"The annual yield, if spread over 50 years, will be 147,910 cubic 
feet of first-class and 73>78o cubic feet of second-class timber. 
According to the present market, this will fetch not less than R3 per 
cubic feet standing for first-class and Ks per cubic feet for second 
class. The total revenue to be derived will therefore be R4.43,73o 
4.1,47,560 = R5, 91, S90, or, with the net profit derived from mis- 
cellaneous sooices such as third class bamboos, etc., may safely be 
fixed at 6 lakhs per atinum. 

T. 232^, 
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*^lambur The following passages (//>. /j<S — /jp) may now be given from 

P^NTA- ihe Resolution of the Boaid of Revenue on submitting Mr. Lushing- 

ton's Report to tl.e Madras Government : — “ The plantations were at 
Founded, r . . . i o , , . . 

I 84 i. first started in 1044, but no attempts at systematic ihinmnL^ were 

commenced until the year 1885, In that year the then Conservator 
(Colonel Campbell Walker) drew up, in conjunction with Messrs* 
Porter and Hadfleld, a rough preliminary scheme to last for five years 
for regulating thinnings. This scheme was in operation until the 
year 1890-91, when it was revised by the same officer so as to last 
for another five years ending with 1895-96. (Inspection Report in 
Board’s Proceedings, Forest No. 206, dated the i6th May 1891 ) 
'‘Colonel Campbell Walker then suggested that, before the termin- 
ation of the period covered by the revised scheme, a special officer 
or officers should be deputed to draw up, from the experience gained 
working of the preliminary schemes, a regular Working plan 
to provide not only for the thinnings but for final fellings ; and in 
accordance with this suggestion, which was subsequently supported 
by Mr. H. A. Qass, Acting Conservator, in his inspection report 
embodied in Board’s Proceedings, Forest No 253, dated the 14th 
April 1894, Mr, P. M. Lushington was appointed to prepare the 
Working plan in question." 

**Mr. Lushington’s Report and Working scheme have been care- 
fully prepared. He has collected much useful information and 
added to the Working schen&e a complete report of the past history of 
the plantations He dees not, however, make provision in the 
scheme for final fellings, as the period for such fellings is estimated 
by him to he still too far off. It was hitherto anticipated that the 
trees would attain maturity after 60 years, so that the first planting, 
rii., that of 1844, expected to be felled in the year 1904. Mr. 
Lushlnglon, after a careful calculation, disproves this theory and 
fixes the exploitable age at 95 years for first-class soils and 140 years 
for second-class soils. At this age he estimates that the trees will 
attain an average centre girth mcasurcrqent of 4 feet 6 inches, 
which is the me.isurcmcnt most in demand in the market." 
nmlfMtmu ** According to Mr. Luahinglon'a proposals, therefore, the final 
fellings will not commence until the year 1939. when the firit plant- 
ing will have reached iu 95th year In the interval Mr. Lu&hington 
provides for thinnings, and esiimatet the annual average yield tbere- 
from at Rs^Soi during the first five years and R8o,t47 during the 
neat five yearn. Mr. Uiahlnglon^a proposalt for future treaunent 
have the approval of the Conservator, and the Board leeolvet to 
accept them" 

T. 133^- 
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(liONE-DUST MANURE.) 

[Dicfionary E.onomc Prcducts, Vol. 7 ., M. a37-S9,] 


UTILISATION OF BONE-DUST MANURE. 

Extract from Correspondence between the Director of Land Reeordt and Afln- 
(iilture, Panjub, and the Senior Secretary to the Financial Committioner, 
Punjab. With a note by the Editor. 

E’itra t, paragraph ^,of tetter Ao. my, dated Sih June 1897, from the 
DiteJor of Land Retards and Airrirulture, Panjuh, to the Senior 
Secretary to the tmancxal Commissioner, Pan jab. 

• • • » • 

3. As refi:ards (i) Utilisation of f)one manure, iT was mentioned in 
the reports of 18^3-04 and 1894-95 that no further experiments 
had been made in the pro\ince with bone-dust manure. The mill 
for crushing: bones started some years apo bv Mr- Drummond, 

Deputy Commissioner. Karnal. in the Kunjpura estate, has been 
giten op on the ground of expense and absence of demand for the 
bone manure, and the mill started at Lahore by the late Mr. Robson 
for crushing bones for export was closed some years ago on his 
death. Even when the mill was working there was no demand for 
the bone-dust locally for manure. The price (about Ri-a-o per 
roaund at Lahore) was considered prohibitive by local agriculturists 
not accustomed to intensive (arming, though farmers in England are 
willing to pay ^5 to £6 per ton. say B3-4 per tnaund for the 
bone-dust as manure. 

1 am afraid that, while bone-dust manure is so costly according to 
native ideas and so long as the prejudice against its employment 
continues, especially among Hindu agriculturisu, little can be done 
to caeca the exploitation of this valuable fertilising agency. It hag, 
however, to be borne in mind that Indian soils are deficient rather in 
niirogenoos matters than in the phosphates which bone-dntt is so 

H. 237-59. 
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rich in, and bone-dust manure, which is so highly appreciated in 
Europe and America, has not been proved by experiihent to produce 
equally good results in this country. 

The exports of bones from KaiaOhi which come mainly from the 
Panjab is meanwhile increasing with extraordinary rapidity as the 
following figures prove : — 


Exports in cwts. 

189J . . . 186,500 

1893 , . . 227,133 

1894 . . . 338,691 

1895 . , . 422,582 

1896 . . . 493.844 

1897 (up to 26th May) 271,286 (in five months). 

Ho doubt it has been stimulated within the last two years by the 
frdit losses of cattle in this province from drought and starvation. 
The price at Karachi remains from at Ri-io to Ri-12 per maund 
(84 lbs.) of dry uncrushed bones, and this year the value of the bone 
exported up to date is considerably greater than that of all food, 
grains exported. 

[The above note will be read with interest as it draws attention to 
the fact that such a useful fertiliser as bone-dust is readily obtainable 
fiom An abundance of raw material which can be easily disintegrated 
in this country. That there is a desire on the part of planters to possess 
themselves of this manure at a cheap rate was shown by the United 
banters' Association of Southern India recently petitioning Govern- 
ment with a view to impose an export duty on bones. The bone mea 
manufactured in India is remarkably pure and compares very favour- 
ably with that Bold in England. The first of the two analyses quoted 
below if (hat of a genuine same of bone-dust made by Mr. F. J. Lloyd, 
F. 0. 8., of London, the second is an analysis made by Mr. D. Hooper 
of bonea crudied at Coimbatore, Madras Presidency : — 
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PREFACE. 


W ITH the owner of a rusted wheat-field the question that 
arises is probably of tener ** What can be done to prevent 
this loss ? ” that “ What is the cause of this loss ? ** Tet to 
answer the first question satisfactorily, it is essential to begin by ' 
answering the second. Hence the arrangement that bae been 
followed in digesting the information to be gleaned from the rust 
literature of Australia. 

This treatment may strike the reader as incomplete. Besides 
those chapters that deal w ith the palliation and the avoidance of 
rust, why, it may be asked, is there no chapter dealing with 
“ Rust -Eradication *’ ? In theory, at all events, a rust should be 
harboured during the interval between one wheat-harvest and 
another on some other plant or plants. Discover such interme- 
diate hosts, destroy them, and rust must disappear. 

The omission is intentional. This method, in principle perfect, 
is at least in India inapplicable in practice. In the case of the 
majority of our Indian rusts, the intermediate hosts are unknown. 
In some, possibly in all, the existence of an intermediate host is not 
absolutely essential, other means of bridging the gap between one 
harvest and another having been evolved. There seems to be no 
doubt that in certain instances the occurrence of an intermediate 
jiost has ceased to be necessary for a rust, and there is reason to 
v^dieve that the disease-germs are often practically inherent in 
’‘''certain wheats, intimately associated with the protoplasm of the 
plant and capable of continuing so for weeks or montha or even 
years, only awaiting the advent of suitable conditions in order to 
dissociate themselves from the protoplasm. The partnership be- 
ing thus dissolved, they may give rise to a general destructive 
outbreak of rust. Even in the case of that Indian rust where it 
seems possible that an intermediate host has been ascertained, the 
difficulties in the way of its eradication are so great as to render 
the proposal barely feasible. 

Practically, therefore, the only hope for India in combatting 
rust in wheat is to adopt the method of selecting, from among the 
various kinds of wheat, those that show themselves to be natiu^y 
little liable to rust. For, while probably no wheat is absolutely 
immune, it is a recognised fact that in certain areas particular 
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wheats are relatively proof against rust. By a system of cross- 
breeding with kinds valuable on other accounts, new kinds can 
be made that will combine these qualities with the character 
of resistance to rust ; by a further process of rigorous selection 
the characters of these improved kinds can be fixed under at least 
particular conditions and in, at all events, particular localities. If 
theoretically less perfect, this process is practically the sounder of 
the two, since it not only results in the production of wheats that 
resist infection from without and thus render the eradication of 
intermediate hosts unnecessary ; it also eliminates those wheats 
in whose tissues the disease-germs are inherent — or, at any rate, 
gives us kinds wherein the fatal dissociation-of the disease-germs 
&om the protoplasm of the plant does not occur— and is thus 
successful in cases where the eradication of intermediate hosts 
must fail. 

It has to be distinctly borne in mind that mere selection is 
rarely, if ever, suflBcient. The quality of resistance to rust may 
be, and indeed usually is, associated uith qualities that render the 
wheat, of which it is characteristic, otherwise undesirable. Cross- 
breeding, in order to associate with the resisting quality other 
qualities that are of importance, is, therefore, essential. The sow- 
ing of patches of this, that and another wheat and their examina- 
tion during tho course of a season may be useful as the basis of 
notes on the wheats available for experiment within particular 
provinces, but can do little towards a final solution of the problem 
before us. 

This crossing of different wheats, though a sine qua non. Is 
beset with many difficulties. Fortunately, however, for India 
these difficulties are being largely removed hy the public spirit 
and energy of Mr. W. Farrer, of Lambrigg, New South Wales, 
the foremost exponent of this method of combatting rust. Mr. 
Farrer is placing at the disposal of the Government of India 
samples of crosses eminently suited for experimental culture in 
this country, since they combine with Indian blood— thus giving 
them the highest possible chance of beoeming acclimatised — the 
blood of wheats esp^ially characterised by the possession of the 
very features wherein it is known that Indian wheats are defec- 
tive. 

On the experts of the A^oultural Departments of the various 
wheat-growing provinoes, therefore, devolves merely the duty of 
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applying to these samples the methods of selection prescribed by 
Mr. JFarrer. But everything depends on the minute care with 
which these methods are applied. Mr. Farrer’s recommenda- 
tions, owing to their great importance, have been given in full as 
an Appen^x (B) ; their perusal and adoption by those whose 
duty it may be to attempt to ‘ make * wheats that will resist the 
ravages of rust in India is essential. The mere sowing of Mr. 
Farrer's samples, in order that a record of their immunity or 
otherwise from rust may he recorded at the close of a season, by 
no means fulfils the requirements of the case. Only a small per- 
centage of the plants raised from the first generation of Mr. 
Farrer’s seed will supply material for further experiment; the 
fate of the remainder does not, therefore, interest us. The pre- 
paration of such a record implies that the objict of the experi- 
ment has not been clearly understood ; worse still, it may imply 
the waste of an opportunity and tho loss of a season. To supply 
material whence a rust-resisting wheat may be hoped to be evolved 
and to receive in return no more than a barren report is to ask 
for bread and receive a stone. 

On the other hand, it must be borne in mind that success is 
not to be hoped for in one season or in two ; the process of evolv- 
ing, of fixing, and of issuing for general use a rust-resisting wheat 
can only be a gradual one. Nor should it be supposed that the task 
of evolving a rust-rosisting wheat can be completed once for all. 
Wheats appear to vary in character with time ; wheats that prove 
rujbt-rosistant and prolific in one area often fail in one or in both 
characters elsewhere; wdieats immune as regards one rust fre- 
quently fall Victims to another. This task of evolving and fixing 
rust-resisting w heats, once initiated, must bo gone on with ; conti- 
nuity of policy and of effort are essential to its success. But from 
what may be deduced from the Australian literature here reviewed 
and digested, it seems not unreasonable to hope that, granted this 
continuity, a very decided degree of success may be attained in 
dealing with the rust problem. 

Hbrbabium, DAVID PBAIN. 

Royal Botanic Garden, Sibpur ; 

October 9, 1897, 
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(PUCCINIA, RUST.) 

RUST IN WHEAT in the AUSTRALIAN COLONIES. 

A precis of the Literature of the Australian Inter-Colonial Wheat Con- 
firenees, 1890-96 , with comments on the bearing of the results 
obtained on Wheat-Cultun m India. By Suroeon-Major D. Prmn, 
M.A., M.B., Curator of th Hirbarium, Royal Botanic Garden, Sibpur. 


Chaptbu I.—lNTRODrCTION. 

§ 1. The writer, by desire of the Government of India 
in the Revenue and Afjrieultunil I>epartment, has read those 
papers dealing with the subject of Rust, and relating mainly to 
Australia, that are on the files of that Department. The 
following jiages contain a of this information with 

occasional comments on its l)earing upon wheat-cnlturc in 
India, drawn up during moments of leisure from official duties. 

5 2. The subject of rust has caused much anxiety to Anstra* 
lian wheat* growers ; this anxiety has lieen shared by the Agricul- 
tural Departments of the Governments of the various Colonies, 
and has culminated in the elaboration of a concerted inter- 
colonial scheme for counteracting the eff<K-t8 and mitigating 
the ravages of the blight. The idea of conjoint investigation and 
action appears to have first occurred to, or at any rate to 
have been first convincingly advocated by, Mr. P. Wright, 
a South Australian gentleman who, at a meeting m Melbourne 
of the Australian Association for the Advancement of Science, 
poposed that a Committee of tlu' Association be appointed 
tor the investigation of rust in wheat with a view to remedy- 
ing the evil. 

A Committee was appointed, but came early to recog- 
nise that, if nseful results were to be obtained, the assist- 
ance of Oovemment must be invoked. This assistanoe was 
readily granted ; but the intervention of Government made the 
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History of Conferences. 


difficulties of woiking through a scattered Committee at once 
apparent. The idea of holding an in tei -colonial conference was 
the natural ‘sequel, and, m response to an invitation on the part 
of the Government of Victoria in the Go\irnments of New 
South Wales, Quteuhland and South Australia to send dele- 
gates to Melhouine h' meet delegates repnsenting Victoria and 
discuss the Rust.piohhm, the “ Pirst Intd-f’oloni.il Wheat- 
Uust Conferenc(‘” was la Id at Melhouine on Mai eh Inth and 
11th, lH9n. 

This Confircnce was follouid by a “S('Cond,^’ held at 
Sydney on June ^nd-5th and June feth, 1891 ; .it this nie< ting 
the same Colonies wiie rejm seiihd. \ “ Thu d Conference 
was held at Adelaide on Man h 9th-l ith, 1892 ; on this 
occasion Tasmania was npusdital in addition to the other 
I Colonies mentioned. At tlu Adelaidi nuitingit wasdecidtd 
I that in future the (’onh n net s should be biennial ; Const quently 
I tile “ Ftiurth ’’ Ctinhienee, whuh w.is In Id at Tlrisb.int‘, met in 
IS'^l on March 2 Oth and 21st. and Mardi 26tb-28th, while 
the “ Fifth *’ Conference, which nil t at Mdbourne, was held in 
May 1890 

§ 8. The discussions at tin » Confddntbinaik the progress 
that has been made in Australia fiom l'^9(J ti 1S96 both as 
regards knowledge of Fust and as n gaiih the in st means of 
comliatting it. The minutes of tlu various Confeiences include, 
thei'eforo, jiractically all that is to Ix' learned on the subject ; 
the somewhat numerous notes, pajicrs. and n ports that 
have ajipeared during the Confinnce period will Ix' found on 
I examination to consist for the most part of extracts from the 
minutes of a pmious Conference or oi statements of expenenee 
considered m due course at a subsequent one. 

The single exception, and it is a forni.il mther than a 
material exception, consists of a series of *' Contrihu'ioni to an 
economic kuomledgc of the Australian Jtuste,” written hy Dr. 
N. A. Cobb and jmblishwl in the AortcuUurul (lateHe o) New 
South W fl/e* at intervals duniig the period from December 
' 1890 to Apiil IHOt. Dr. ('obb has been a delegate from New 
South Wall's to the greater number of these ('onferences, and has 
I himself done much to make tJieni sui'oessful. His ‘‘ Contribu- 
tions" therefore, add uothmg to the sum of the information 
contiuiied in the Qmferenee miiiuti's. They are, however, 
veiy valuable, because they treat from another standpoint, 
ana ananee sptematically, the faots that at the various oon- 
i feranoes have been appmadted from the practioal side and 
I have had, o( neoessitv, to be dealt with on empirical lines, 

F. 726. 
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§ 4 . The literature here reviewed and digested may, there- 
fore, be classified as : — 


Literatvre 

reviewed* 


I. — CoNFERBNCB LiTBBATURE ; Reports of the various Aus- 

tralian Inter-Colonial Wheat- Rust Conferences, 

II. — Inter-Conference Literature; Reports, Bulletins 

and Papers dealing with points referred to at a | 
prenoub Conforeneo or suggested for discussion | 
at a subsequent one. ' 

HI.— Extra-Conference Litbbatube; Dr. CobVs 
*• LontributioHs ” published by the Government of 
New South Wales in its Agricultural Gazette \ 
duilng 1S90 — 94, , 


To facilitate lefercuoe t<> the originals, a full list of the l 
pipers, classified in this way, is here given and, in subsequent ' 
chapters, pa pus of the \arious groups are referred to, 
shortly, as (1.) I Conv., II Conk., etc.; (II.) Sub-conp. 
A., B., C., and so on; (III.) CoBB. Contrib., the volume and 
page cited in the latter case being those of the New South 
Wales AgrtcuUurol Gazet'e. 


§ 5. I.— CONFERENCE LITERATURE. 

Reports of Aistkmjan Inteh-Colonial 
W' liEAT-Rosr Conferences. 


1. Minutes of ProceedingB at a Conference of delegates I 

from Victoria, South Australia, New South Wales, 
and Queensland; held at Melbourne, March 10- 
11, 1S90 : re/. 1 Conp, 

2, Report of the Proceedings of the Conference of 

delegates from Victoria, South Australia, New 
South Wales and Queensland ; held at Sydney, ' 
June 2-6, and June S, 1891 : r^. II Conf. 

8. Report of the Proceedings of the Conference of 
del^fates from Victoria, South Australia, New 
South Wales, Queensland, and Tasmania ; held at 
Adelaide, March 9-12, 1892 : r^f. Ill Conp. 

4. Report of the Proceedings of the Conference of 
delegates from Victoria, South Anstralia, New 
Soa^ W'ales. and Queensland ; held at Brisbane, { 
. March 20, 21, and March 26-28, 1894; ref., 
IV Co«F. 1 
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6. Final Report of Committee at the Conference of 
delegates held at Melbourne, May 1896 : ref, 
V COKF. 

In order that a brief, yet clear, view may be had of 
what has been accomplished at each Conference, the Reports of 
the various Conferences in Committee are given in full as 
Appendix C. 

§6. lI.-IiNTER-CONPEEENCE LITERATURE. 

New South Waieb. 

A. 18D1. Agricultural Gazette of New South Wales, vol. 2, part 7, 

page 403 (July ISOl) — 

^ust on Wheat Conference (second) held at Sgdner/. 

B. 1892 Agucnltural Giizette of New South Wales, vol, 8, part 3, 

l)am‘ 221 ' Marih 1892)- 

Recotnmeniatwns of the Conference (third) held at 
Adelaide. 

C. 18J2 Agrioultuial Gazette of New South Wales, vol. 3, part 7, 

jiage 4hl (Jul) 1892) — 

Further Rcfereiicei to the Recommendations of the Rust 
in Wheat Conference held at Adelaide in March 
189J, 

D. 1892 Agricultural Gazette of New South Wales, vol. 3, part 8, 

page 667 (August 1892)— 

Rust -re SI sting Wheats. 

E. 1893. Agricultural Gazette of New South Wales, vol. 4, part 7, 

page 598 (.Julv 1898) — 

Rust-resisting Wheats. 

P. 1894. Agrionltural Gazette of New South Wales, vol. 6, part 1, 
jiage 48 (.iHiiuary 1894)— 

Rust- resisting Wheats, 

G. 1896. Report regarding the working of Department of Agrioul- 

tuie. New South Wsles, Jan uaiy 1894— July 1895, 
pages 25-28 — 

Rfperiments mtk Wheats. — Dr. Cobb. 

H. 1897. Letter from W. Farrer,.Esq., Lambrigg, Qoeanbejan, 

N. 8. W , to the GuTernmeul of Indiii, Department of 
Revenue and Agriculture (August 1897}— 

MAcafr lH-etg to prove suitable fbr the Climate India. 

TASUaNiA. 

I. 1892. Department of Agrioultore. Tasmania ; Bulletin n. 2— 

<m Rust IN E. H. Tbompeon. 

Qoiiiuuxd. 

J. 1892. Deparimsnl of Agneoltare, Qnsensiand ; Bnlktia n. 19— 

Oa Wheat-greseing in Queensland,— i, M. Blieltest. 
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K. 1896. Department of AjfriouUure. Queensland ; Bulletin n. 6 
(second eericH)-- 

On Wheat-growing Expenments.-^lSt- M. Shelton. 
VUTUBTA 

Department of k^\t /Aui Victoria — 

Report on Wheat*Ru6( Experments^ 1892-i^3. — 

Me Alpine. 

Nfw Zealand 

Second llepoit of De[)ai'tmenf of Agriculture, New 
Zealand, page 58— 

Rust. 

New Zealand C ountry Journal, \cl. 18, No 3, page 22<) — 
Rust in Wheat 

Now Zealand Collut^^ Journal, \o]. 19, No 6, i)age 498 — I 
Experiment > with Rust-preventing Manure at Lincoln 
College- 

South Aistraiia 

Copy of Minuft h} the Seeretar\ to the Agru ultiiral 
Buieau, South Viislialui, dated Adelaide, May 8, 
i89t;. 

Canada 

Q. 1896. Report on VVheat-KiHt b\ the Director of the Experimen- 
tal Farm in Canada. 

Rpf. SuB*roNF A., R., etc Owinp to the fact that bome 
of these notiee*' are dipests of Confeieiice proeeedinpb 
A, and N.) or xnhatim extracts from loiifirence minutes 
B.) ; while still others , D,, E., F ) eonsist of informa- 
tion incorporated in the nmiutefe of subtequent Conferences, 
it has not been necebsary in oery cube to formally (‘ito these 
papers in the eliapteis that follow. 

Three Indian papers — Htsoluhon on the Revenue Adminis^ 
tration of ihe Central Fnninces for the year 1894-95 ; Indian 
Fungi (Agricultural Ledger, 1895, No. 20) ; and a 
by Ike Commtsiwner of Self lenient s and Agrtculturey Central j 
Provinces^ on ike Culttration of Cross-bred Wheat, 1897; I 
which the writer has likewise bt^n direct^ d to read in connec- 
tion with this subject, belong in a fashion to this list ; it has, 
however, seemed more convenient to keep them apart from the 
Colonial literature and to quote them separately, 

$7. Ill,— EXTRA-CONFERENCE LITERATURE. 

CoDtribatioDs to ao economic knowledge of the AustralJanj 
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Bust®. By N. A. Cobb. Published in 

the Agricultural 

Gazette of New South If ales in 

the following order : ■— 


Vol. 

Part I 

Page 

Date of 
Publication, 

Intioduction , . , . 

1 

3 

186 

Dec 1890 

Chapter I —Methods . 



186 


Chapter 11 — Rusts that occur in 





and about Austialian wheat* 
paddocks . « . . 

1 

3 

197 


Appendix A. — Details of expon- 





inentB, etc., undertaken m order 
to learn what rusts ooonr in and 





around the \\ heai-paddooks in 
New South Wales . 



20.1 


Uesuni^ 



211 


Chapter 111 — What has been found 





out in this and other countries 
concerning ^beat-ruht 


1 

41 

Jan 1892. 

Chaptei lY.— The Hub3t*ot con- 




tinned . 



62 


Appendix Ik— Repoi t on the rusti* 




» pf 

ness of u heats txauiined at 
Lambrigg .... 



60 


Alph^etioal List ot 





examined at Larnbngg 

> 


<)() 

If ft 

Chapter V.— The subject continued 
Cliapter VI — Au examination into 

»» 

3 

181 

Mai. 1892. 

the phybical proi>ertieR of Rust* 
Resistant and Non-Rust-Resis- 
tant wheats • • • . 

Appendix C — MeasuieinentB of the 
thickness of leal (tiag) lu 

n 

» 

190 

ff n 

dilfeiout varieties oi wheat 
Appendix D,— Width of penulti- 

3 

3 

2ul 

It II 

mate leaf at the middle 

Appendix E.—Ueasu remen U of 

the tensile strength of the penul- 

»> 


206 

1 

ff II 

timate leaf of dilferonl varieties 
of wheat 

ff 

pf 

207 

II fi 

Chanter VI (6m).— V arietiee of 

r 




wheat 

Chapter VII.— Keeping seed- 
wheat true to name. Causes 

4 

6 

1 481 

Jane 1893. 

leading to mixed teed 

Chapter VII l.~l he artificial ctom- 

•1 

7 

603 

Jolj 1898. 

fertiliitng of wheat 

Chapter IX.— Improving wheats bj 

II 

1’ 

606 

M • 

Salecttom Eij^mental pbU . 

1* 


612 

• m 

Chapter X. — The subject oontinued 
Chapter XI— HairesUng experi- 

1 

4 

239 

Apl. 1894. 

meiitel wheali • 

1 • 

I* 

261 

ft tt 
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It will be ob<?ervecl that two distinct “ Contributions are 
marked “ Chapter VI.^' Bif. Cobb. Cokteib. with vol, and 
page of Gazette. 

To this class belong the majority of the European and 
American treatises and jiamphlets that have been consulted in 
drawing up Chapti' I t II ; heie again it has been m-Hre con- 
venient to keep them apart from the Australian literature and, 
when necessary, to quote them separately. 

CILVPTER II.-THK RUST-PROBLEM. 

§ ' 1 . Addressing the ddegates to the first Inter- Colonial 
Conference on \\ heat-Rust in iMtl, the Minister of Agriculture 
for Victori .1 put the loos from rust for the previous season at 
1 1,501), QUO ''terhng fin South Australi.i alone, and appeared to 
think the loss in \ utoria had iKvn as great (I. ('onf., p. 0). 

The same season, eMdently one in which Rust was parti- 
cularly destruetiie, is nide]Kndentl} calculated to have caused 
a loss of £2,:i70,(U)0 sterling m Australia generally, and of 
about £30,000 m Tasmania (SuB-coNi. I. h). 

The Committee appnnted to draw up a series of Resolu- 
tions at the lust Confereiu-e gave the estimated loss at 
£1,500, (lull foi South Austi.ilia, t750,000 for Victoria, 
£100,000 for Xi.w mth Vales, tJ<),000 for Queensland, 
The total loss lufTcied was estimated at not far short of 
£2,r)U0,0(i0 Htcibng (II Conf., ]>. -il). 

In the Gippblaml puniiice of Victoria where, 36 years 
Ix'foro, wheat was widelj giowii, it was stated in 1891 that 
its eultnatiun had for 30 years liecn largely abandoned owing 
to the ravages of rust (11. CoNF., p. 13). As an instance 
of the losses caused by Rust, may lie cited the experience of 
a South Aubtialian gentleman. On one plot of 6,000 acres, 
farmed on metayage, — owner finding land and seed and taking 
^ths the produce, metayer finding labour and taking ^ths,-* 
the share of the former was estimated in October to re worth 
£5,000. The wheat was attacked by rust in November and 
yielded the owner nothing. 

The loss m Victoria m 1889 ranged from 2 bushels and 1 Of, 
per aore to 20 Vioshels and £5 per acre (II. Cone., p. 16). 

The Alinister for M ines and Agriculture in New South 
Waks, addressing the delegates at the Second (’onferenoe, stated 
that, if only one or two bushels per acre of the wheat new 
destroyed by rust were saved to Australis, it would mean an 
additicA of £100,000 annually to the national wealtk. 
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j Anything short of eradication of rust must therefore still bo of 
the greatet advantage (II. Conp., p, 2). 

The sum mentioned must be an error of the printer for 
£1,000,000 or some similar figure. For if the average loss 
in South Australia be, as is stated (II. Conf., p. 50), 7~*-S 
bushels per acre in rusty years, and if the rates quoted for 
Victoria are in any way applicable to the other Colonies, the 
gain in South Australia alone would be several millions sterling, 
since in 1892 the Minister of Agriculture and Education for 
South Australia was able to inform the delegates to the Third 
Conference that in 1891 there were 8, llj', 106 acres under 
wheat in the whole Colony. This was, moreover, the area 
I actually reaped and did not include what, owing to its having 
been attacked by rust, was cut for hay (III. Conf., p, 9). 

Tlie Rust-disease is the only serious obstacle to the culti- 
vation of wheat in dueensland. In 1S89, of 15,861 acres 
only 2,700 acres were rust free. The average yield per acre in 
rust-affocted areas was 17 bushels, in rust-free areas 21 
bushels. But these ligures show only a small part of the 
total damage done, for no more than 7,501 acres were reaped as 
wheat ; 7,1526 acres,— or neaily half the total acreage— had to 
be reaped as hay so soon as the rust appeared (II. Conf., 
p. 29). 

In New South Wales in 1891 the average loss per acre was 
a little over 2 bushels per acre : the total loss was 636,520 
I bushels (III. Conf., p. IS). In Victoria in 1891 only 109 
acres had to be cut for hay, but in North Victoiia the loss 
'varied from 2-12 bushels per acre, in South Victoria from 
1 2-10 bushels per acre (II. Conf., p. 18). 

I For India it is estimated that an annual loss of 10 per 
, cent, is under rathci than over the mark {Agric. Ledger, 1895, 

I n. 20, p. 72). 

Ruty Ymn. i § 9. It is believed in Chili that the conditions which favour 
' the appearance of rust recur regularly once in seven years 
(11. CuNP. 47). In AustraliR a similar belief in a cycle of 
eleven yearb is indicated (II. Conf. 16). 

Bust in Australia is undoubtedly much more prevalent 
I in certain seasons than in others. These do not, however, 
display any periodicity, nor are they always common to the 
several Colonies It is the genera) experience of Australian 
fanners that rust, in amount sufficient to do serious harm, does 
not often apnear in two suooeeding years (II. Cohf. 15). 

In South Australia rust hae been known linoe 1851 
and at abort intervals hab caused much low (II. Covr. 60). 
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The year 1860 is mentioned as one in which the wheat crop was 
a total failure in New South Wales, wheresb no mention is 
made of rust that year in \ ictona. The years 1 863 and 1864 
are given as rusty years in 1 loton i, thouffh, as a* matter of 
fact, rust has been recorded for that ('olony every yeai from 1864 
onwaids (II Coni, 15). In Fifir it was almost general aid 
caused immense loss m South Australia (II CoNP. 50j. In 
187 ) there was raivh rust in Tasmania (II Conk, 23) ; 1878 I 
was one of the worst years for lust in Victoiu (II. Conp. 16), 
und in South Australia (II Com, 50) t prevailed over a con- 
siderable area that jaai In South Australia 1880 was I 
another year when a I onsukrahle area was affected. The sea- 
sons 1882 — 1S88 seem to ha\e licen very fiee from lust, but 
188lt was a vtar ID which it was almost general and caused, 
great loss in South Anstialia (II Conp 50), m Victoria (II 
Conp. 15), m New ''outh W ales (II. Conp. 82) , and in Tasmania 
(III. Conp 23) In 1890 it was again almost geneial 
thioughoit South Au'itulu (II Coni 50) ; the year was not 
tonsidereda “ lust) ’ jeu in ^ ictoiia In 1893-94 rust was 
prevalent in many paits of Tt climgton, N. Z, (SuB-cONP M. 


53). 


The evpcHtnees of 1S67, 187H, and 1889 favour the 
theory of a tycle of elevtii years (IT. Conp, 1j), but the 
facts against it aie quite as weighty. [In any case the 
jienodiutv, supposing it to exist at a'l, le not due to any 
inherent jiroperty of lust, hut must, as seems to bt the belief m i 
Chill, be the result of a rmirrence of conditions favourable for 
its develimmont.] 

The ludian t \jH.ntiue is par.illel with the Australian. 

§ An intidental effect of rust is the annoyance that is I 
said to be caused by liandling rusted wheat. It appears that on 
Darhng Downs (Quetiisland it is hard to obtain help to work 
wheat affected by rust. The men are said to develop large 
ulcers and sores, c-ansed by working among rusty wheat (ft. 
Conp 38). In Victoria too there is said to be no doubt that 
the threshing of rusty w heat lus caused iiloers among the men 
(II. Conp. 39). 

There seems to be no reference to any such experience in 
India. 

§11. Rust m wheat is due to the parasitic existence on the 
wheat plant of a fungus (tuecinta), which is normally of a 
polymorphous and of a heteroecioos nature. 

Both characters vary in extent in different Pueeinia, 
hot, as regards the better-known rusts a ff ecti n g wheats th^ 
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are limited as follows. The rusted wheat, when examined 
closely, is seen to deiivo its “rusty ” appearance from the pre- 
sence of red 01 brown pustules [son) scattered over the flag, or 
at times also affecting the straw or even the ears. These vary 
in size fiom --^of an inch long by ^ of an inch 
wide, and in the majority of the wheat-rusts increase in size, 
so that the cuticle of the plant, which at first is continuous 
throughout, at length gives way over the site of each pustule. 
The variation in size and sliape is due to a tendency the 
pustules at times show to ruu together; this tendency is 
naturally influenced by the seventy of the disease— which is 
m turn affected b} the favourable or unfa\ourable character of 
I the conditions in which the wheat groups ; also, by the charac- 
1 ter of the tissues of the plant — which depends upon the variety 
I of wheat, the age of the plant, and the part affected. 

I The contents of a rust-pustule, when closely examined, are 
I found (o lie masses of minute red oi brownish single-cham- 
I liered oval bodies [^jiorvs) support'd bj fine transparent 
I stalklets tlxat in turn spring from an intadacing network of 
pellucid throadlets hum } raniifting in the tissues of the 
jilant. These laniilung libics uallv (onstilutc the parasite 
I that lives upon the lood-niaterial eUlioiaUd by (he wheat-plant 
I foi its own use; it is the ujijiropnatioii of this elaborated 
matt»‘r by the fungus that starves the wheat-plant and leads 
to the “pinching " or t ital absnice at the end of the season of 
I the graintliat this food-niaten.il would otherwise have gone to 
form. Once such a fibrous mycehuni obtains a footing within 
a whcat-jilaut, it goes on giowmg till it forms a pustule, the 
spores inside which an* Ixidies specially modified to assist in 
tno pi'rjietuation and rejiroduction of the fungus. When the 
pustule 18 npc, the spores .vre shed as a small cloud of micros- 
copic red dust. Win n the spores are earned to the leaves 
of still unaffected plants aud the conditions as to warmth and 
moibtun' are suitable, the membrane enclosing each gives way 
at oertavn definite weakei points and the coutenls exude as 
a narrow ihroad-iike stieam that extends across the surfaoe 
of the leaf on iihieh it rests till its free end finds one of the 
breathing -pores (t'ornuta) with wliicb the surfaoe of the leaf 
IS studded. The thread now grows in through this stoma ; 
onoe inside, it proceeds to absorb the nutrient juices of the 
plant, to grow ligorously and ramify in all directions, so 
producing a myoeiiom that goes on to the formation of pus- 
tules and spores as before, This stagi* of growth of the 
faogos is the UreAo stagi>. tbase red spores are termed %r« 4 o~ 

f, 786 . 


Ledgtr. 




the Cereal-Busts. 


(-D. Train,) 


P0NOI. 


spores^ and it is the phase of growth which is manifested by 
their production that is popularly known as Bus/, 

So long as the weather conditions are suitable and the wheat- 
plant holds out as a source of food, the fungus is believed to go 
on j>roducing suc(‘essive crops of nist-imstules and spores. But 
towards the end of summer a change usually takes place in 
the development of the fungus, and among the rod pustules 
which ruptun^ to let the spores escape, black ones, over which 
the cuticle of the plant often remains intact, fjogin to make 
theii a]>jiearance. The presence of these black pustules gives 
rise to the naked-eye ajijiearancc of daik-grey to light-grey 
streaks on account of which this stage of the growth of the 
fungus is known ppularl^ as The contents of 

a mildew-pustule arc spores as Ix'f on*, but spores of a different 
kind. Instead of l>eing on» -celled, each is double, being divided 
across the middle ; instead of germinating rapidly if, and per- 
ishing readily unless, they encounter suitable conditions, these 
black spores, as a rule, require to rest through the remainder 
of autumn and during the wintt‘r,aiul cannot germinate till the 
following spiing. As they need this period of rest, and be- 
cause they complt*te the growth of the fungus for the season, 
they are termed variously apores, or teleutospores 

(ending-spores). Hus mildew stage iieing, after a fashion, a 
concluding one, I'onstitutdj the P uccrnm proper. 

At the cunimencemeiit of tlictollowing season these teleuto- 
bjiores germinate by the jirotiusum of their contents through 
a weak sjKit in tne nicmbniiie just as hapi)cn8 with the 
urinlo^pores. 1 he subsequenl growth and history is, however, 
different in the two cases. In^U*a<l of endeavouring to 6nd 
its way within the tissue's of some other plant, the thread 
remains exposed, branches but slightly, ami at the tips of the 
branches it forms, simply by sp)ntaneous separation (abjointing) 
and not by special format i(ui of triic spores, minute spore-like 
bodit*s that arc carri*‘d away by the wind to germinate under 
favourable conditions on, and to jxmetrate and live parasitioally 
withm, the tissues of some other plant. The branching thread 
that issues from the teleutospore resembles, but still does not 
really constitute, a true mycelium ; it is therefore termed a 
P^o^pceiiMm, and the small bodies that behave like, though 
they differ in formation and structure from, true spores are 
termed ipcridui. 

On whatever plant these sporidia rest and germinate they 
give rise to a myeelium, the presence of whicb^ in the majoi^ 
of instasoei, causes swellings, generally of soma ftirly 

T m. 


12 


The AgrjcultHfnl 


PUNOI. 


Natural History of 


bright colour, to appear in the tibsues of the leaf of the host- 
plant. Embedded in this swelling are usually small cup-lil>e 
bodies of different sizes ; thesmallu, teimed con- 

j tain cells tiviaiA ifirmatia, the object and natuie of which are 
not piecisely known , the largei, teimid contain yellow 

spores teimed * wdiicli ait knoivn to pioduce, in 

some cases at least, when they germinate under suitable condi- 
tions, a mycelium that jiioduces lust-pustules of H) edospores. 

I There are thus two stages, and foiii verj distinct phases 
in the life of a fully dotelojied /'// cc/h?o fiom teleutosjore to 
teleutosporc 

The fiist phast is tht production of the pro-tnyctbuin with 
the separatum of its spaiithn. Th's j)i oinj eelial phase is 
chaifloteiised bj being luui paiasitu . I lie germin.ition of its 
eportdta gives use to a parasilu iiiMcliiiin that pioduces the 
second or (icuhal phase, whu h eiuE in the formation of special 
hiX)ies‘(rfcu/iot^/o/( sj Till jiiodiutioiiof these a?( idiospore‘> ends 
the flocidial stage of the hh-liiston oi the fungus, liecause the 
gcimination ot these gi\is rise 1 a jiaiaMtu nijcchum that 
pioducch throughout its cxistiiicc suc(essi\e crops of rast- 
piihtules containing unHlospous, and ends m the formation of 
icsting-sjious or teleutospou's J he foimation of these teleuto- 
biKiu* ends the pucmutil stage of the (\isteuce of the fungus; 
the two jihascs of this stage tin uu ! isjjoi tc and the lclcui<f 
tpiirtr, though |»ia< tu ali\ siuoessne, aie oigamcall} simulta- 
neous, since they an produced li) the same mycelium, and thus 
differ from the two pluiscs oi tlie anulial stage which are 
organically as well as ihnmoidgioall) suoc issue. 

There are two well-markoii classes of Pucemta, those* that 
are “autcwious’' oi tlmt spend the Piiccciia stage and the 
parasitic pliase of the aadmi stage on the same host plant ; 
and those that aio ‘ liotercBcnous,” and find it necessary that 
the two different m>c“elial stages shall Ine on and lie nourished 
bj different host-plants The, airangementtliat ensures this 
result is exceedingly simple. In the lirst class the tportdia 
produced during the non-parasitie pi<>-m>cehal phase are 
capable of gurnunatiug on the plant which earned tl^ teleuto- 
sporc that ga\e rise to the pro-mjeehum. In the second 
olass these spondia cannot geniunate on the plant tliat earned 
the hdcutoepores, but are onlj able to do so on some quite 
I different spedea lA.)<>king then at the formation of telrato- 
spore* as oompleting the round of exist* noc of the fungous, and 
treating the fomiaUon of a pro-iu} oehum, with its resulting 
sportdia, by the gerniinatiou ol (h^ Uleutoapores as theoom* 
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mencement of a new round, we speaV of the plant which carries 
the Pucctfita , — that belnu^ differentiated by the characters of 
its teleutospores, — as a “ host ’ ’ of the fungpis ; in the case of a 
member of the second or “ heterceeioiiN class, where the ©cidial 
stage exists on a plant other than the one that carries the 
Puccinia, we &p('ak of the plant on whi(*li the recahuy^'y exists 
as an ^^intermediate host of the fungus. 

A characteristic feature of most, if not all, Puccinis is 
that they ai-e i‘e6tri(*t(\l as to their habitat; a particular 
Puccinia is only nu^t with on a partunilar host in the case of 
the aiitoecious ones and both tlie host and the intermediate 
host, wliich tlieiusolves \k^ different pLints, may be equally 
particularise<l in the (ms(' of the heU-roeciouh ones. It is, 
however, not usual particiiLirly m tluM'a^e of the Ix'tter known 
Puccinia^ to find that eitluu tlu* recuiinl or the Puccinia 
stage, even in the lieUTanaon.-^ class, is strictly limited to 
any (me special plant ; usually the fungus is to l)e found on 
H smaller or greaU*r innnlKT of uatumlly closely allied plants ; 
these then arc enllater.il hosts. Sometimes indeetl the 
Siime .ntage may occair on wulely different plants ; in such cases 
it is jR'i’haps usual to iiiul that one or other of these is affected 
by only one phase of that stage*. 

Finally, it muisi not Im* o\ » i look< <1 that Iwith stages are not in 
ail ciises known ; it smiis, imleo^l, likely that the two are not 
in every case ne<‘etosary . Thus .Pctdui are kn<A^ ii and described, 
the (*orre8jK)iuhng /’w ’rtuir/ of whn li areal lejist as yet undis- 
covert\l. There kvius reanou to susjXH't that in wime of these 
cjkk?t» the Pucctniii has di^ajijx-ared, and that the ©cidial stage 
has conn* to lx‘ able to jx*r[H‘tuate itself directly. This stage is 
not, however, in an\ caM* a tvrcal blight, and the matter does 
not therefore direetly com ern uh. What is of practical moment 
is the fact that the locidial stage of ceitain Purcintcr is un- 
known ; j)erha{>s even is uon-eTistent, either from never having 
been evolved or from having lxHw)me unnee^^swiry. Hypotheti- 
cally there are three jx^bsible rxpLiiutionh of the absence of the 
fiPCidial stage of a Purrtnfu — 

(1) Perhaps it d(x*s <xrnr but lias not yet been discovered. 

Possibly this is evrii true of many cases where there , 
i* direct evidence that the stage is not absolutely 
essential. 

(2) A frequently advocated theory is that the npwidia 
produced by the pro-myoelia to whH*h the germi* 

Bating teleiitospom give rise, while retaining the 
|<ower of developing on the ** intermediate boat 
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into fl mycelium which produces ssoidia, acquire also 
the power of developing on the “host^^ into a my- 
celium which produceb iiredot-pores and teleutospores 
(CoNr J., 51 ; SuB-coNF. L. 29). 'Ihis hypothesis 
has never been contirmed by any competent observer. 

(3) The third explanation is that the blifijht can dispense 
in certain cases, and at least for a time, \%ithit6 
SBcidial stage owing to the resting phase [teleuto- 
Kpoiee) of the Vuccinia stage never requiring to come 
into play, the aetivi* jiluse iureiiospons) of this 
l^ucemia stage being able in these cases to produce 
successive crops throughout the }ear. The “ col- 
lateral hosts of the Fncnma are not necessarily 
conteni])oraneous species ; one may be coming into 
vigorous growth as another is dying down. Oftener 
still, uhile one may, like a cereal cro]), be annual, and 
thubonlHung leaped cease for a puiod of months 
to 1 k 3 a jM)tbible host for tht* blight, another in 
all likelihood is some perennial grass on which 
the blight may exist and may form siioeessiie crops 
of un‘d(;s]xirt*b duiing the interval between the cereal 
crops of two Buccmling seasons. This, too, may 
hapjien without the collateral host in question being 
seriously iuconvenienc<>d ; a “ lust ” tluit under certain 
conditions is almost fatal to a particular crop, may 
be present on another plant without doing it, even 
nmii r the same conditiouB, any great harm. Thia 
hypothesis is liardly iiiore satisfactory than the pre- 
ceding one. Far from sprt'ading freely from one 
oollatt*ral host to anothei , the same nibt invariably 
shows the utmost diaincliiiation to pass even from 
one iTwc to another of the same <*ollateral host. This 
has bi-eii shown by cateful exjienment in America 
{KuHtiU Etp*. S'a‘t0n, Bull. u. 46, p. 4) and in 
Europe (Appfnd A , p 71). 


Bttst In 
Bnrop*. 


§ 12. Rust t*) the faimer is more or less of a simple entity, 
aad U supiHiSKl by him m Bnt&in Ui consul at most of but 
two aoita, the «j»nng and the bummer rusU lespectiioly, the for- 
mer ap}>canng in the )K‘n«)d from March to May and doing little 
damage aa compared n ith the latter, uhicb does not usually 
appear till June or July. The e\pi>nenoe of the contwent 
appears to be aomewhat the reverse ; there the earlier or spring 
ruai eeema to be, aa a rule, the more harmful. 
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The opinion of the practical agriculturist has carried per. 
haps a little too much weight with the tx^tanical student for, 
though it has been lairly ajiparent that there are really more 
than two fornib of rubt affecting the cereal crops in Europe, 
these formb have lieen all set dowm ab particular mauifesta- 
tionb or condili(‘i>, at vei } out bide ab meie varieties of one 
or othfi of thebC two. The bpring-nibt has been identified, as 
anile, with Pincfnta ruhigo-i tra ^ a spinies of which the hosts 
were supposed to i>e and Whfa'i and h number of wild | 

grab-eb, while the internuMliate lu^btb were said to be certain 
Borageb (a couph' i.f MKnnetb and a Hugloss). The summer- 
nibt has Kvn identitiiHl with PiKccmta giamini^y a bjiccies the 
hostb ol which ait' a crowd of wdd ^rabses and all thi‘ com- 



men oerealt, i\u uiU‘inieiluitt> liosib l>ein^ a iiunil)er of specieB 
of Rarl)ern" Besides the “ ^Mieftt-Bailtc‘ir\ and the “ \Vheat- 
rufit theie wan, h(^we\er, admittedly a Wheat-Buck- ' 
thorn rust, fUi^ci/nu con/uf^a, uith ils hosts, as before, a 
number of gra->seb and its inloi mediate hufets bcveral of the 
Buckthorns. 

Ill Ameiiea this ‘‘ Wheat-Biukthoru^^ nist appears to be 
a subject tliat calls foi bciious practical < oiisuleration. In 
Aufetialia it is not known to o(*(ui at all; m Asia and in 
Eurojic It does not ()C( ui on wheat. That attention should 
have Ijeeii mainly contined in Euiope to the other two was not 
theref ore unn'as^ uial )le. 

The treatment they liavt» received h?is not, however, bt»en 
altogether ac<‘uiat<*. Pra^ tu^ally the luitiiral limits of ‘^Sum- 
mer or “ \N ht^at-Ball)eI ry rust have been found to apre(' with 
the Pucctma fframtfitfn)^ hotaiucal works, thouph it appears that 
a quite distinct Wbt, whirh oc<’ur« only on Timothy-j^rass 
and does not affect wheal , Iuih l>cen confused with it. The 
•‘Yellow spring ruht has howc\er, lieen much confused. 
Practicall) the typical form W Ixvn naturally enough defined 
in lx)oks, Sij far as the VrnUnl'ucctmu stage is concerned. 
But it IS found that the idea tliiit the tttcidial stage of 
*• Y'ellow Spring rust oi-curson any ‘‘ Borage is erroneous. 
The flDcidial stage and the intermediate host of the common 
Y'ellow Spring rust are unknown, and the axridium referred 
to ae occurring on the two Alkanets belongs to a quite different 
rust, the *• Brown rust. I nder the name of Vuec%nia ^ 
rubigoF^eta or ''Spnog^^ rust, two different rusts have thus 
been included, rf>. ; — 

(1) Y'ellow Bust (Puceinta gtumarnm ) of whiofa the 
intermediate host and the acidimm have not bean 
found or do not exist, and 
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(2) Brown Rust {Puccinia dispersa) which is alone 
entitled to be termed the Wheat-Borage'^ rust, 
since it has an rBcidhim that occurs on various 
Borag^es. At the same time the Pvccinia usually 
referred to in books as a variety ( vak . Simplex) of 
[ Puccinia rubigo r era, turns out to l>e quite distinct 

I from Yellow and from Brown '' rust alike, 

j As in the case of Yellow '' rust, its eecidial stage 

! and its intermediate host or hosts are unknown. 

I In the most exhaustive work on European Rusts, Die 
' Oetreiderosie — by Messrs. Eriksson and Henning, who have 
I for several years been engaged in studying practically the 
subject of i-ust on behalf of the Government of Sweden — an 
enumeration of these rusts and of their hosts is given. The 
I following arc the salient facts in this list : — 

1. PucciMA OHAMiNis, or Black Rusr, occurs, in Scandi- 
navia alone, in its {Pcidlal stage on 5 species of Barberry 
and in the Urcdi^Puccmia on 107 different grasses 

including Oats, Baklity, R^e and Wheat, and under wheat, 
on common wheat, hard wlieat and ‘ s]x.dt ’ alike. Outside 
I Sciandinavia the axudial stege has found on 8 other 
I specie's of Barberry and the Uredi^’-Pucrnna stage cui Ui other 
grasses. 

There are tlius no fewer than 150 knoA^n eollatc*ral hosts 
I for the Black-rust and collati'ral inte^'mediate hosts for its 
©cidial stage. That these figures are not exhaustive is very 
1 probable K'Aung that in other eouutru s the search for it has 
not liitherto been so systematic as that instituted in Sweden. 
Tluit this particular rust spreads as Ur<do on eei'eiil crops by 
reason of its Indiig harlxmred by BarljtTry bushes in the 
(tcidial stage has lK\*n ix*pe.iU‘dly demonstrated. But that 
the paaaage through this lecidial stage is only utvasionally, if 
indeiHl it ever be, eti«k*ntial is tHjually evident since outbreaks 
iof rujBt have over and over occurred where it was impossible to 
I trace the attack to the presi'ni e of the ©cidium on Barberry 
j bushes, or indixd to tind any Barberry bushes that could 
I harbour the ©eidium. In oilier places, Umj, the oomnlcte 
i eradication of Barbernes, wlneh m tlux^rv ought to nave 
' extenniiiatcd tiu^ blight, lias in pmetioe baled to do so. Yet, 

' in nut« of the extraordinary number of grawes that harboor 
' the bliffht in the which ix Itanuful to oerenls, and enablee 

I it to TOC orer the internal betw»x*n two wreal crops on one 
or other of ite oolUteral hoata, a« voo Tubeof and others 
have a^min and again found that itaetxiallT does, it is (emark* 
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able that it does not make use of its opportunities. On the 
contrary, the forms of the rust affecting the four cereal crops 
are as distinct physiologically as if they were different species 
(Appxnt). a., p. 70). 

The most important observation from the Indian point of 
v'lew tliiit has l>een ma4lc in Europ^^ is that Vuccifn'a yraminir 
occurs on Rick m Italy. It is not ^aid sensibly to affect the 
rice crop, but if it exists on rice at all, it would l^e (juite tasy 
to account for the t xistcncc of this imrticular r\ist in India 
througl)out the ytiar without any cluuige (;f host or of stage bung 
called for. But, as will \ye shown presently, the Rust which in 
India is taken to l*e rncan^a graminis niiiy not be that 
speines, and in any case the probabilities are agaiflSt the 
inflection of the on<‘ crop by the other. 

2 PncriNiA Phlki cratensis, or T imothy-Grass^' Rust, ! 
whi(*li Eriksson and Henning st'parate off from ' Black Rust,' 
o<‘cuis only on Timotliy-gras-^ {Vhlenm prafense) in the Jbedo^ 
puecnint stage, and, so far as is known, affects no cereal crop. 
Its avidial st;ige is uukn<wn and is perhaps non-existent. 

.‘i, PrcciNiA GLi MARI M, or ‘‘ Y KLLow " Ru3T, is the next 
imj)Oilttnt rust that is dealt with by Eriksson and Henning. 
Its tecidial stage is quite unknown and is jier haps non-existent. 
In Svvetlen the I rcdo-Puccinia stage has l>eon found on 1 6 
grasse*, including R^a and \^'HBAT, uiuler the latter on com- 
mon, hard and * spdt " alike. It lias not b<*cn met witli on barley. 
Outside Swish'll It lias l>eon met with, for t'crtain, on one other 
grass ; and assuming, fmm the drscriptions and meamire- 
ments given, tliat t*ertain (p rhajis the majority) of the casee 
of wmrrenoo of Jbircinta rubif/fj-trra refer really to I\ 
glumarutriy Eriksson and Henning conclude tliat it is borne by 
38 other grasses, including Oats. There are thus probably 64 
collateral hosts of this Puccinia, 

The P, Tuhigo-reTa of Australian writers is, according 
to ErikBs<»nand Henning, thi*-’ species. They do not| however, 
HUggetet tliat the so-callenl rubtgo^rera of Indian authors 
is to be referred here, and in this, as will be seen presently, they 
are probably quite justified. 

PrcciNiA DiSPiBSA, OR “ Brown " RusTT, is the third 
important rust that Eriksson and Henning give. 

This occurs in Sweden in the acidial stage on two of the 
Alki^ts and in the Uredo^Puceinia stage on 1 1 grasses, in- 
ehiding Ryb and Wukat, both common wheat and ‘spelt/ 

TIm is the true ‘ Wheat- Bi»rage ' Rust of Sweden and pn>- 
ably is the ‘ Wheat- Borag«> ' Rust of other oountriei also. Aa 

?. 726 . 


c 




The AgriculluraJ 




FUNGI* 


Bust In 
AiwinUig. 


Rust in Europe. 


J ret, however^ no list of collateral hosts is available beyond the 
imitfi of Sw^en. There is no evidence that this nist occurs 
at all in Australia, and there is every reason for believing^ that 
it does not occur in India {Jgric. Ledg., Ib95j n. 20, p. 46). 

6. PucciNiA SIMPLEX, or ^^PiGMY^' KusT, another rust 
enumerated, is not very important. Its cecidial stage and 
intermediate host, if it has such, are not yet known, and as 
an Uredo^Puccuiiu it only occ\irs on Barley. 

This has often been treated as a mere variety of ‘P. rubigo- 
vera* but it seems to be quite distinct, and in any case when 
one considi*rs that P. Tvhig<i-i'era has hithei to been a confused 
entity, it is better kept apart. 

There is no e\idence that this occuis in Australia, and an 
Indian rust which Dr Cunninghjiin and the writer have 
BuggesU^d the necessity for comparinii with this one {liec. Bat . 
Surt\ Jnd. 1., 121) turns out, now that an accurate account of 
P. iimplex IS avuilablo, to be quite different. 

6. PucciNT\ 00 RONATA,oi “ CiiOWN RusT, is the last ni6t 
descril>ed in Eriksson and llenning^s work. This occurs in 
Sweden in the cecidtal stage on three s}>ecies of Buckthorn and 
in the edo^l^tfccnan sta^*!* on seven different grasses, one of 
these lieing Oats. Outsuh* b\\e<h‘n its achhum has be^m found 
on nine other Buekt horns (one of these being an Indian one) 
as well as on a Berchvfnia^ a plant veiy closely allied to the 
Buckthorns. ItF? J rt^do^Vvccinut stage, outside Sweden, 
has been found on 12 different grasses, including Bahlky 
( both in EurojK" and Amcriea) ; Rye and U heat (on the 
last two in America only, so far as is hitherto known). 

This Puccifhij has thus 19 known ccdlateral hosts, and of 
these four are Indian, with IS collateral intermediate hosts. 

But though it attacks most, if not alb the common cereal 
orojis in America, it has in Eiiro}>e, outside Sweden, only been 
found on Barley, there npnarenily doing no serious harm. 
In Asia it has not lx*en foiina to attack our cereal crops, and in 
Australia it is apparently unknumi. 

§ IS. As ^ega^i^ Australui, we find that in 1S90 Dr. Cobb 
cxamint*d 124 gathered from different mrts of New 

South Wales. Of the>c. fi weir ihr rust idenlifietl lu Australia 
with 2 worr P*.fr.*sf-/ U>2 were 

the f >f ^\l^t^allan writers, and 4 be- 

longed to an undeterIUlm^^ bj-vKs Pne^'^m / ; Uic remaining 
lo were niibcellane<')aH, 

Parersbx w'as found on “ Meadow grass (Poa 

«««««) only ; of the examples of '* P. one was on 
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wild oats, two were on oats, one on Barley and two on 
Wheat. 

Of the ^^Pvrciftfii ruhigoTcra^' examined, 9t were on 
wheat, two oatb, four on barley, one on lye-grass. Of the 
undetermined f*//rr?«/^/,one waann uheat,tw{» were OA a native 
[Deyruxio Fntsf^^rn)^ and on«‘ was on Bromus mollis (an 
introduciHl errass)' 

Conaiderine^ wheat alone ; of 97 rusted wheats, 9t were 
attacked by Pn^crfiia rvhxgn-vt^rn^ two by P. gramints^ and 
one by the undetermined speiues. The conclusion arrived at, 
therefore, IP that \nptrali:in wlieats are subject to three rusts, 
and that of tl»est‘ thre« thr nist which di<l practically all the 
damap? in 1^90, was tlu* lust identilio<l as Puccxnia ruhigo^ 
rera. But Dr. Cobb expressly ]K)in<sout that hip investipfations 
refer only to one season and only to tlxat part of it a]> to Nov- 
endK.‘r ti. He does not conclude that the results for another 
season neo^l Ix' the same (Conn, Contrib., vol. I., p. 214?). 

At the Second (^")nferencc also Dr. Cobb expressed his 
opinion that it is their “ Sprin^r-nist'' (the supposed Puccinta 
ru/jtgo^vera) that did most daniapfc in New South Wales. It 
was supposeil tliat in the destnictive rust which attacked 
oats, barley, rj'e and some othi*r ^rasst's, besides wh<?at, was 
“ Siiminer-Ruht (/^ grumniis)^ since tin* n is t appeared in 
lon*^ lin<*i, not in sj>ots ; in ordinary seasons (as in 1890) 
it is “ sprmp-ruHt that do<»s ino.-.t harm. This rust affects 
chietly the llair, low.-' ofU*n tlu- .straw (II. Covf. 81-). It may 
Ije found all the year round on helf-sown wlmat, oats, or barley, 
and on cerbiin wild irra'^ses, and ran jiass from these to the 
wlu^t <*rop, the <*«mtiiinous throup^hout the 

yt*ar whether the rust \yo “ s]>nrnj: rust'' (ir “ summer rust 
Conk 87, 50; III. Conf. 29j. Tlie spores, moreover, 
may bt* twenty days in watei and yet not lose their ^erminat- 
inp^ |K)wor, so that they may exi«*t occasionally in the soil for 
sufficient time to bndc^* over arxudental praps in the chain of 
collateral hosts (II. (’onf. 84). Mr. Me Alpine, however, 
states that be harl failed up to to find any of the 
mentioned as collateral hosts affected by either of the wheat* 
rusts (II. CosF. Ifi). 

If - Bummer-rust ’ ' wore the most dc«tnictive rust, then I 
early^ ■owitif' would bo a gjn-at remedy since the wliaat would 
be npe ere the rust appeared. At the aame time, Dr. Cobb 
advijcateB oarly M>wir>^ in unite of the apparent Btigfgeetion of 
a doubt ae to it* eifieiK'y (II. Coirr. •15). 

Hr. McAlpine’* tnperienoe in Victoria ib that it la the 
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summer -rust [P. grarninis) that is most injurious (Sub-conf. 
L. 27) ; o£ 30 varieties o£ u’lieat examined by him, only one 
was heo from rubt and only <^ne was affected by P.\rutjigo~rera ; 
all the others were attacked by P. graminis (III. CoNr. 68). 
It is, however, fairly certain that in nearly all the years 
characterised as rusty, early-sown wheat has suffered badly 
from rust (IV. Conp. 20), an experience that certainly indi- 
rectly favours Dr. Cobl/s judfi^inent. But Mr. Farrer thinks 
the fact that most of the* wheats said to be rust-proof never- 
theless suffer badly from Fuccinin ruhigo-vera and are more 
or less resistant only to 1\ graminjs, is important as involving 
popular r(‘Cognition of the truth that P, graminn does most 
damage in Australia (III. ( onf. 36 ; S\ b-conf. H. 4). 
And when the early rust (‘‘ F. ruhigo-nra is apparently 
verj^ bad, it is not really that which does the ha\m ; it passes 
off," but F. gfaniutis^ which comes on later, destroys the crop. 

In dealing wuth this as]>ect of th(‘ question Mr. Farrer ob- 
jecttnl to the seasonal distiiu^tion of name botw^'cn thest* two 
rusts as not quite appropriate for Australia, or at all events for 
New South AValch. Mr Farrer ]>ro|'osed tho names sjiotkHi- 
rust for the earlier, and “ stieaky-rnst for the later, owing 
t<> the pustules l)eing seattercH.1 in the fonni‘r, and often con- 
Ihicnt in tlie latter, llis proix)Bal did not, hoW(‘ver, nuvt wdth 
approval, iKH-'ausc “ sp)ttineBS and “ sireakiness were not 
considered charaeU^ristu* of the l usts by the other delegates. 
One Viotoiia delegate* dislikcMl tiie id“a of any change of 
name. However, the President of the Tliird Conterenee at 
Adelaide panted out that the ttrm “ summer-rust '' in parti- 
cular ia not a gtHnl name in Simth Australia owing to the 
aeiisonal jxxniliarities of the Colony Mr McAljnne (Vietoria), 
who (dijet'ted to Mr, Farrer^a names because streaky-rast is 
ttlw'wyK s]M^tte<l in its early stages and so might lx* mistaken for 
tiu* oilier, prefers t»i U*rin the spring oi sjxttting or small imst 
the “ yellow^’ rust, and the streAky or summer or common rust 
Uk* ** orang\*-ri\\'' rust. These are, no doubt, better names. 

ItibWithUie latter, — which Mr. MeAlpine aaya is known 
everywhere to iKttiuiists as P. gntmims , — that the fanner 
has mainly t») deal The former, whloh is known as “ P, nr&i- 
though Claimed us ixniimonrst in Nco South Wales, 
ig not so ill Victoria, any in»*re than Ph*w right has found it 
toW ill Knglaiul or than (ialloway lias found it in the United 
State* (Sub-c okf. L, 3i7 ; II Coni. 17 1. Dr. ('ohb, how- 
c\*er, who at most <mly punUd out that this nisi was the 
commoner in New South WaW during the early part of 1800, 
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says that both arc destructive to wheat in Australia (III. 
CoNF. 29) ; doub^ess this is the true state of affairs. 

At the StK:‘Oii(l Confeionce one dele^te, quoting from a 
South Australian repoit, said it liad been notictd that in some 
localities ‘’tnl-nist appeauMl liefore the humid weather of Sep- 
tembcT and ()<*t(>U'i , m otln i hx^illt’es^ towards the c*outh-eaco, 
after th(^ dry liot weather had ^t in 1 he earlier rust is known 
popularly as lrng-(*orn ” ru^^t and apjx^ar^ to have borne its 
full shall with tin' tnn rust in destio>ing the liarvest 
(IT CoNF. ‘4S''i In thi«» rejmrt the latei rust is termed “ vera 
mbigo, evidently from some confusion of thought as regards 
the name of one of the rust-fungi 'I'he particular fungus 
thought of — 1\ / — is, howt\ti, an eaily, not a late, 

rust/' Foitunatel\ the nanit', whndi is thus shown to be 
callable of mislea<hug, dtx*s n<U any longer lequin* to be used. 
Tlie yellow and tlu oiange-riHl rusts, according to 
McAlpine, both jiroduoe tit if in Australia towards the 

end of summer (they in ly ev« n bt‘ met with in December — • 
Australian mid-sumnier’i , vu intboeirU autumn. But corn- 
mildow as this stage of tho blight is termed in England, or 
bUck-rust " as Mi. AfcMpine jmfers to tnum it,* does not 
seem to be so |iievTilpnt with the Australian rusts as with the 
conehjxinding English oixs. These \ lt if^o»pore» only give rise 
to Mpondia that, ex hypothent^ are incapable of germinating save 
on those pLints tliat act as inU-rmiMhate hosts As n^gaids 
the “ orangi'-re<l mst^ which Mr M( Alpine identifies with 
Pncciniti gramtrtt^^ thih w^ould, were the determination correct, 
imply the jx)wer of germinating only on a Jiarherry. But no 
Barlx»rr\ is wilil m ^ ictona and none are grown loan appreci- 
able extent , it is thtreff»n says McAlpine, ass 4 *rted that this 
phase of tlie rust is giaduallv dwindling away in Australia^ 
from its b ing not only of no advantage the species but 
rather a wasb* of onergv prcxluce ^Atuio^port n This is the 
h} pothesib favoured bv those who^ while bc'heving that the most 
destructive Australian nist is l*ucctn%a grarntni^^ decline to 
aoct'pt without diri<*t proof the statoim-nt that its teUutoMporei 
can produce fporulta capable of germinating anywhere except 
on an intennodiate host (Stb-covf. L 28). 

In Australia, however, Mr. Me \l|unt* states, there are those 
who believe that the teleutoiporei of this “orange-red^' mst, 
rapposed by him to be P. grarntme^ produce Mpondia that 

^ A lOcimrhAt aafortuoatu Mlaotioo of oams oo Mr. IfoAlpine's 
wi, besaass Blaek-msl is tbs gsneral term Uuoogboot Sarops 
lor ibo nM wbiob is koon as PmeHnia grmmi ms. 
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can pferminate on, and reproduce the red-rust in, the growing 
wheat of the next season. 

As a practical matter, Mr. Me Alpine considers hoth theories, 
and is himself inclim<lto think from his own personal observa- 
tion and from what old farmers liavc told him, that the black 
rust (meaning by this the teleutosporic stage of the 
orange-red rust) is dying out considerably, the explan- 
ation being that the fungus, owing to the com]>arative absence 
of the Barberries required as intermediate hoht&, is censing to 
produce iclev^ospores (St b-Conf. L. ^9). [It should be ob- 
served, howevei-, tlint Mr. McAlpino gives no information as 
to the number of seasons that he has made this j)oint a subject 
of personal ob8er\"ation, and does not explain the standard of 
comparison employed in coming to this conclusion.] 

The othiT hyjKilhesih, tliat aie not disappear- 
ing, but have acquired the habit of producing that can 

germinate on wdieat, has also re(*eivod Mr. Mex\lpine’b atten- 
tion. On this iKiiiit ‘‘all that (*an l>e wud at pn*sent is tliat 
wheat-plants infected with germinating Uieutospores during 
the past season (l"^92-93) d(‘volo]>ed the red earlier than 
those growing alongside <»f them <Si’B-ro\i L. 29). 

Dr. Cobb ( New ^outli '\Vale‘-'), dining the diseussion at the 
Second ("onferenee, while admitting th(‘ conmndion between 
Puccinta graminiis and the BarIxMTy plant, said tliat its eBci- 
(Hum had not, so far as lie knew, lx*en found in Australia, but 
that in any case ''it not true that ike harherry stage ts 
necessary tyi Australia for tk^ produeliofi c/’P. graminis/^ 
As to I\ rubtgo-vera. Dr. Cobb added, it exists all the year 
round, even in Europe, in the i\Kl-rust stage (II. Conp. 37). 
He doeft not, however, mention any exjierimental proof that in 
Australia it caai jians wlieat from any of its wllateral hosts; 
the evidence from America and from Eiinipe is altogether 
against this being usmil. In New Zealand, as m Australia, 
ex^x*nenee seems to throw doubt on the necessity for an 
■Mndial stage in the nibt supposed to be P. gramtnis (SuB- 
cowp. M. 5t). 

It will that, so far as Australia is eoncerntxl, tht^re are 

two unpiirtant aiul dangeroub rusts, one a yellow or 
early rust which lia^ Kvn identified with fueemta 
rmbiga^rrra, another a laWr “ orangt^rcti '' or ** streaky '' rust 
which has hemx ideDrihed with Pmcrmia gramimis. It will be 
noted also that, while both are admittedly serious rusts, there 
b not perfect unanmutv as U» wliich ih the more destructive, 
Tho bidancis of opinion is in fawair of the later mat being the 
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more fatal in ordinaiy seasons ; in very rusty years the 
balance of eWdence, as presented 1 >y the Australian literature on 
the subject, is in fa\inir of the early rust beiiiff the more dau- 
P'rous. It will he noted, moreover, tliat, according to Eriksson 
and Hcnnir.g, the mo^t competent judges on this point, 
there is n > such rusl as Pncctnui ) vt/igo^rera. They seem to 
consider the early Australian rust identical with the European 
P. gluMiirufh, for wdiich un intcrnitxiiiite host is known, even 
in Eurojie. And it may 1 h‘ iioi^iood out that there is every 
probibihly tliat tlic later rusT, which Australian authors iden- 
tiiS’ with P. gramtUiM, not that sjiecics either. The inetrio 
characters giv* n by Di . Cobh ( ("ohb, (’‘ontkib,, vol, I., pp. 201, 
202) for the Australian P, gr,rmrftfs certainly can hardly be 
said to deviate markiMH} fronv those given by Eriksson and 
Henning for the Euroj>caii om^. But the verj' considerable 
limits 01 variation : — 


I’redoHporen 
Tfleuto8j)Oi( s 


i Enro]>o;\n 
Anfltraliftn . 
( EurojH^au . 
i Aii‘=»trtihun , 


17 — 40 xU- 22 ix. 
30—40 X 1 B ~22 ju.. 
35—00 X 12—22 jWr# 
35-66 X 16-20 fx. 


will lead even those unfamiliar with tlu‘ subjcM.*t of Puccinia to 
1)0 unwilling toiulmit that measurements alone are sixfGcient to 
warrant the eoTieluM<>n that tin* two arc necessarily 8j>ecifically 
identi<‘al. This ferling of doubt is not decreasKl l>y Dr, Cobb^s 
f-bservation that new and tiien, in the Australian P. graminie^ 
he has juistulev '• in \vlneh all the muilosporeB apjiearod 

almost as if two-eellc<l “ (Conu, Contriu , vol I., p. 20l), and 
his statement tliat he hnds on a rnitiv** Australian grass {Agro^ 
fryrum ^cabrnm) ^ a nisi >\lu(h is absolutely identical with the 
Australian P. (jramiutH a- to *-truetiiie, “if He except this dif- 
ference that among itn rml-ru^t sjx^ts there are certain black 
iKHlies which may constitute a f airth sfHireof the rust/' Dr. 
Cohb rei*ogriist> tin* fa4-t that this may show that the rust on 
Agropgrum is iliCFercnt from that on the wheat, and the point 
had not been <'xpenmentttlly te«te<l when the ntatement wae 
made (.II. Conk. 31). It also Irads to a desire for eiperimen- 
tal trial as reganls tlie supiiOfH-d P . gramiuie itself. 

This experimental test na4^ t>eeii apparently applies!. Mr. 
McAlpine says that “ having dck-miinKl the kind of runt 
affeciiug the wheat jilots to he Vuertnia gran^mie^ the next 
point to settle wa^ if it would affect the BarUTry when sown 
upon it, as it isasik-rted do in Euro|ican<l ArntTica/' Taking 
felru^oeporee wfiioh, on lieirig testeil, were found to germinate, 
Mt. McAlpine proet^ed to inoculate plants of four different 
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species of Barbeiry, at least two of which are known to carry 
the secidial of P. gramims. The experiment in one 

case was conducted under a bell-jar; Mr. Me Alpine does not 
say whicdi of the four species tcbted was so treated. The j)]ants 
were caiefully watched and tended, but no result aj)peared 
(SuB-ccNr L, 30). Mr McAlj)inc, it must be admitted, 
draws no ex]»re6s conclusion from this experiment. What 
conclusion he expected to be able to draw is not alto- 
gether clear. Since it hapj)enb that the power which its 
teleu^o^jjort s have of ])iodueing sjtoniha that can ger- 
minate on certain ihiibtrrit^s is one of the diagnostic 
characters of tuccinia might ha\e exj>eeted 

the bettlement of the jxnnt to havi preceded anj absolute 
determination of the species Mr. M<*Alpine is content to 
reverse the process ; the lesult of his tc'-t is, however, to lead 
the ordinal j mind to suspend its judgment as to the identity 
of the orange- reiV’ Austialian lusl with the European 
}\ (j'iamtnis. The ulentit\ ni the two has <eitainl\ not be*n 
made out, and so fm* as the t.\iduiee of Austialian authors 
goes, lb not IngliU jjroliabK . 

§ 14. The I ndian lust'^on cereaU lia\e not, like the Euro- 
jHian, AmeiKan and Australian lusls, Inen made tlie subject 
of detailiHj stud} , ])iolongtMl o\ii li\eoi six seasons b} (a}>able 
and comiHJtent obser\eis, s]n*ciall\ de))uU<l foi the i>uij)on,*. 
Consoquentl}^ less is known legaiding them. As in the case 
of Australia, liow ever, it hub lx‘en ^ustMunar} to bu{)pose that 
thi*rc are two j)rnici])al nists one oi these being identified 
with the Eurojaiui I* gramiPts, the othei with tlk* confubed 
and mdeevl non-existent ruiujO'i'^rn {Agncult Ledgtr^ 1895, 
21), pp, 3(>, 4»5); Pveanm coVifnatii^ though known to 
occur in India, lias not been found <»n aii} (xuval crop. 

Afl a matter of fact, there are in India at hast tour very 
diiitinot niutb on wdu^ait alone with anothei that lias so far only 
been found on barley. Theae iti\ brndl} desenbed in a Note 
pubhsluHi 111 the lu cordis (*/ iht BoUmtcal Survt^ of Jn^ta 
(vol. 1 , pj>. 99 — in IbWh. In tliat note any attempt at 
idi'titif > lUg tlann with Eurojiean rusts has Ijeen sedulouely 
avoidcHl and names have ln^n given tlieni merely with reference 
to the placx^s where the} were first bi*en during a tour under- 
tiJeen in Hearck of wheat -ru»U, 

One of these, lertued tlie^* Mozuffeqmr had some of 

the featuree of gramimis for which it is usually taken and 
under which name it included in Dr. Wattle renew of 
Indian fungi. The etructuia] and metric oharactare of the 

r. 785. 




LedgBf% 




Rust in India. 


(D. Praffi.) 


FUNGI. 


Mozufferpur Rupt do not, however, quite agree with those of 
T ^gTam\n\%^ the latter in particular having a much more limited 
range of variation. The pustules are differently disposed, and 
it is notable that, thcuigh it affei tcd hK>th wheat and barley as 
P. gramin s does, it did so equally whert^.is l\ grafninis is less 
severe oii barley tiiiiu on whtiat ; at tiie same time, tins Indian 
rust left oath untou<*hed, whereas I* gramntfs appears on tliat 
crop albu. This last feature wouU render it ecpially doubtful 
if the Australian P. gfamtnis Iv the same as this Indian nist. 
The CLridial stage oi this Mo/ufferjiui Rust has not been found. 

Another, tlu* ber./f j^ur Rust/' has all the characters tliat 
are credited in liotanical works to P. ruhigo-veruy^ that is to 
say, to the 7^«cc/;i/r/-stag<* of P , glvmarnm. And it is now less 
improbable that this rust tlie same as the European one; 
the great difficulty hitluM to has l>oen the absence of its SBcidial 
stage from any of the Indian Borages [Agricnlf. Ledger ^ 
n. 20, p, 4o). Ah Eriksson and Henning now are able 
to ti‘ll uh tliat lip c<)une<‘tion with any Iximge is probably an 
illusion, and that cvi‘ii in Europe the riibt either does not have, 
or does not necetKarily rinjuire to pass through, an ascidial 
stage, it is far imni unlikely tliat tin* “Eeiozepur Rust^' ma^ 
turn out to Ik^ Puccitua glumurnm. Hut if tliip be so, and if 
this ther<*ffire tfie P, ruhnjifi t ra of most European and 
Australian wnt4T8, it must be rocolltx^tid that it is not, or is 
only vrry partially, the P. r i ra of Iiiduii authors. 

Bulb these rusts are prcibably of heterux-ious type; that is, 
they either liave an leeidlai stage on an int4'rrnediab‘ host or can 
disiKiUse with the internudiate stage. At any rate, they both 
have teleut*)S]xues on wht'at. For livliat seemed another form 
of the “ Feiozepur Rust from I^ihore this is not absolutely 
clear, since no teleutos|)ores were found; it may, h4)wever, only 
have b*en that they htul not yet luwl time to apjiear. This 
Lahore Rii^t " the further j)oeuUanty of possessing 

two differently coloured and differently sized series of uredo- 
spcfes. 

Another wla-at-rust, ** Sabaranjmr Rust,^' had no telento- 
spores, though it does not follow that it never has any. Its 
pustules apiMxir to l*e s^imewliat like thr»so of an nTinamftfl 
Australian Pucctnta on ^%beat (Cobb, Contkib , vol. I., p. 202), 
aud thi?Tigh tlie measurements of the spores hardly agree, it 
must be re^Xfllected tliat Dr. Cobb's meararemsnts were pro- 
bably made from fresh materiai, while those of the Indian mat 
were made from specimens collected some time before. 

A barley-ruat, termed the Mogul Serai Boat in the 
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paper referred to^ is there compared with what had liitherto been 
a doubtful Kuropean met (P. simplex) referred by many authora 
to P, rubigo -1 era the appearance, since the Hote was issued, 
of Erikseon and Henning^^s full account of this European rust 
makes it proliable that the two are distinct ; they ag^ree in be- 
ing: apparently confined to barley ; they diff t r, how’ever, very 
considerably as reg^ards size of uredosponb. The Ulev^ospores 
of Mogpil Serai rust are not yet known ; nor is its eecidial 
fitag^e, if it has such. 

The last and apparently by far the most important Indian 
rust is one described in the Note refen ed to as ^^Shibpur Rust/^ 
It seems to lie tlus that usually do(‘s most harm in India, and 
it 16 this that, as a rule, is referred to by Indian authoi s as “ 7b/c- 
cinia rubigo^veraN All the other Kuropean, Australian or 
Indian nietB are, oi may l>e, of the heteioecdous clas^^ ; this seemB 
to be one of the autoecious clas^^ of Puccinia^ or one of those 
that require no intermediate host, because their encidia are ear- 
ned by the same host as carries then nndospofLS and i el exit 
spores. Only uredosparen of tins have lieen found on wheat, 
and it is as certain as any fac^t dt ]x?ndent on nctrative evidence 
ever can be, that it d^)es not fonn telcutospacs on wheat at 
all. All that afftn^ts tlu wheat in this case, lhiTefr>re, is the 
i/rc^/^-phase of the Pucci of a rust that doe^^ not 
appeal to be distingruisliable from one, both tlie stages and all 
three ]»ai'a8itic phases of which occur toe^ethei on a common 
Com ]X)site weed, Jjaunea aspUmfoha, As this Wi‘ed has a 
perennial rootstock of conBidciabh‘ dimensions, the ncHjessity 
for the formation of UdcMt-oepores does not at first sigrht seem 
evident. The plant ixiBsesses, how'i vei , the ])ecuhanty of Ijeinp 
absolutely leatles^ fiom June toOctolxT, throirg^hout the whole 
rainy aeaeon in fac't, and as the mycelium of the fun^is has 
not been found to be able to penetraU^ tlu‘ tissues of the root- 
stock, tlie formation of resting spt^res soems essential to its 
oontinuanoe. In this case, tlierefori , the appearance of the 
phase on ^^he^lt is an ac'cident so far as the life-history 
of the fungus iteelf is eoncerniHi ; it is, however, an accident 
tliat in oextain aeafrons and under conditions suitable for the 
spread of the fungus is most detrimental to the wheat-crop. 
The bchrf is fairly gern'ral that rust attac ks other plants 
besides wheat. Thus it is re|»orteil that in S<mth Australia 
*'inaJreh*mallows carry rust (II Cokf, 50)^ They do so 
oertainly* but tlu* rust on nuirab-mallow tms nothing to do 
with the rust on wheal (III Covr 17 ; Flax too is badly 
rusted in Australia, but not by tlie wbeat^mst (II. CoKr. 16 ). 
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The same is the experience in India, In the Beaolviiofi on the 
Revenue Admtnufration oj iheC niiral Vrootncee for 1894-95, 
the Deputy Commisbioner of Jiibbuljx)re is quoted (p. 2) as 
follows : — “ The cloudy and damp weather induced a very 
srvere attack our old enemy, rtd-iubf . This appeared, as 
nsual, in linstsd tirst, and tlieu bpiead to wheat/'’ As the 
Chief Commissioner pointb out , on the next pa^‘, the funpfoid 
disease winch attacked the linsetxl \\a^ hbtinct from that which 
attackcxl wheat. It v.as a eomnvr>iii tinner to sei‘ stray wheat- 
planth unaffected in a iv<ldeiix*<l hiibeed-tleid, and \ice rersd a 
solitary linseed-plant in a wheat -held wao found to be the 
only plant afftx.'ttd/' Tlie rust on linseed is a Mel fnnpsora, \ 
not a Puccinia Lttlger^ lS‘.^“i, n 20, p. 101). 

§ IT). In Ainonea it is statt^l that a wheat-nist. said to be 
Pucrima ruhiffo-n fUt"' \\m\ which may or may not l)e P. 
qiumarum, passti^ the winter in the tissues of t he wheat-plant in 
a mycelial (‘ondition ; the warm whither of hprinpr induces a 
crop of spores whicli may, unclci favourable conditions, spread 
the disease ; the infection of winter-wht at is materially aided by 
‘ volunteer/' < r self-sown wdieat, wliuh carries the rust through 
the few months following Imrxest ; finally, that the red-rust 
sy>oreb are cajiable of maintaining their ]>ower of g(‘rmination 
through the wunter, and thus of iufe< tnig the crop in the follow- 
ing spnng {Agricult. Ledger^ 1^95, n. 20, ]». 55). Granting 
tliat these results arc satisfactorily ]>roven, they are not of prac- 
tu^l moment for Ub in India. Wo ha\e no wheat in the plains 
in the hot-weather and nuns correKjH>nding to winter-wheat in 
America, we liavo iu» volunb^cr wheat (^apable of bridging the 
gap Vn'tween the liarvvstuig of wheat at tlu* beginning of the 
hot-weather and the sowing of the next crf»j/ at the end of the 
rains ; finally, wc know tliat the re<bnibt HjH)rcs of the Indian 
rustrt, so far from maintaining llicir (X)wer of germination for 
Bex’eral months, lose them in from 2 1 to J5t3 hours {Hec. Bot. 
Surv. India^ I. 117). The fa< tb in lunqie at’oord with thoee 
in America, though the Amenc^in ex]>hiuatiOD does not suffice 
to dcocfunt for them ; itr> mgcclium be found in the 

(uuuee of the wheat-plant in wm^er (Apprnd. A., p. 76), 
In Amerioa, as in Aostniba, it is statixl that the earlier rurt 
does little harm ; the later rust is said to be the dangerous 
one (Sua-ooNP. H. 4). 

$ 16. Tlv^ time of appearance of i-ust varies in difEerent 
dii^tr^U and indeed does so in different ^ears fur the same 
distriei, the state of the weather hai»tening or nirtanlin^ its 
appeormnoe. The dangerocui season in V ictona is generally giTen 
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as from the beg;inning of October to early November (II. 
CoNF, 15). This ap])heb to Southern Victoria; in the northern 
districts November-Deccmber is the month (III. Conf. 17). 
The dangerous period is sometimes set down as extending over 
six weeks (II. Conf. 15). 

The month of October is the critical time in New South 
Wales (II. Conf. ;52). It is usually first observed in October, 
November or Decemlwr, esiKjcially October andNovemljer (III. 
Conf. 14). Theearliei the attack the more bcri<»us it is, since 
it is probable that at first only the lowest leaves are affected ; 
if wheat has got beyond the fiowering stage and the rust 
remains confined fo the flag, the farmer is assured of obtaining 
a crop, though, of course, a less valuable one than in a non- 
rusty year (11. Conf. 30). 

in South Australia the experience is that rust is generally 
first noticed alxmt or shortly after the wheat comes into flower 
(11. Conf. 50). This its iioUhI in other Colonies jilso, Vic- 
toria (II. CoNV. 17), and New South Walt^B (11. Conf. 82). 

It is Ix^licved, and vci*y probalily justly so, that on 
throu^yh any wheat crop at any hca'^on of almost anj year and 
in almobt any district, of rust may found. All that 

is renjuired for a i^cnoral spread ib a siiitabli* condition of 
weather. 'I'he ‘‘ hrcakmcf-out of rust notianl by a farmer is 
proliably ihe first hi eaking-uui (II. Conf. 37). 

Ill spiti* of the nature of the fa<'Cs it is said that many 
Australian faimerb d<> not bfdievo tliat rust is infective, but 
assert, on the contrary, that it nevt r sprea^^ls. One Victorian 
fanner is quoted as basing hib btdief lliat lliis is so on the 
fact tliat in a particular season hr* had 60 acres of oaib rusted, 
while r>i> Oi'rcs of wheat adjoining were fi-ee, ‘‘ the oats re- 
ceiving heavy mm while in blossom, while the wheat received 
the moisture wdien required — just \)e£ore it hurst into ear.^' 
This instance is oomnieutod on by Mr. McAlpine (Victoria) as 
follows: — ‘'Hert* we have an illubtration of rust not spreading, 
for the simple reason that the conditions were favourable to 
its spread m theonec.isf (oaU) and unfavourable in the other 
(wb^) * (11. Conf 16). [It is of course equally possible that 
the rust w^Uich affittted the oats may have beL*u one that does 
not affect at all ; in any cat^e, it is interesting to find 

that this })oj>ular belief is probably more corivct than the 
opinion put forward by many trained observers.] 

The Viotorian ex]Wi6noe is that the time which elapaes 
between the first attai^ and the spread '' of rust avipmgee from 
1S*1& days (111. Conf. 17), but io South Australia, and pro- 
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bably eleewhero, it has been found, when the conditions are 
favourable, to spread continuously from its first appearance 
(II, ('ONF. 50). 

The aeceptetl vie:v of the Australian delegates is that, 
thoiigh undoubtedly infective, mst is not in any degree heredi- 
tary (II. Conk. 21) ; the new e\piess<xl by Eriksson, in the ' 
latc'st contribution to the literature of rust, is practically the 
reverse (Avpend A,p. 75) : the fact',> of the case, it must be 
admitte<l, arc all In favour of tlu I?uropean observer’s view. 

The cxjierience in India Agrees veiy' closely with that in 
Australia; sometimes the wheat is attacked by rust when it 
has little more tluni ap]ie.ired aliove-ground — at other times 
not until it ha.s almost onjuite eome int<i bloom. In the same 
seastm, too, it may be jiievalent in ]»;irticular distric^ts and not 
in others 'Ihus in lM)t-9.'), when it was jm-valent in the 
Cential Provinces, it was a notic-able featuu* of the season 
as welt as of its iireth'i'essoi that the damage by rust grew 
greater the further up the NerlKwlda Valii>y one proceeded 
{Resolution fU'v .rb/wi/'., C. /'., p. 2). In 1S9 5-96 rust was 
})revalent in Bengal and 'rirhut, but <-ould not Ixi found in South 
Beliar, the Central Provinces, Central India or Ka jputana ; 
it oix'urrwl, but wa.*, not sov<'ie, in the Punjab, but was not to 
be met with in Ouclli {Rec. lief Surt. Indto, vol. 1., No. 7). 

§ 17. It IS evident from what is said in the preeetling para- 
graphs that until the life- hist oiy of ca<-h of the wheat-rusts, 
in all the eouutri>-s wlu re wlu at is grown, has lieen precisely as- 
wrtaiiu-d, there i.-, little hoja- of lieing able to jirevent rust 
by the erailieution of the blight itself. If, indeed, the latest 
tht*ory of rust lie a<‘eepte<l, its eraduation seems impossible^ 
Attention must therefore lie directed to the secondary or me- 
diate causes of rust — the eonditions, inherent or accidental 
that rendi r wheat liable to rust. For the factors that increase 
tlic suseejitibility to rust may U- said to be of two kinds ; those 
characteristic ot the plant, th.is<- induced hy its environment. 
The former arc generally supjxvsed to mchide a soft succu- 
lent c*»iulitiou of the tissues at tlu* jjeriod when the rust- 
spores are abroad. Tins condition may of course be inherent 
in the variety of wheat which wdl consequently deserve to 
be cUuui^ as a “ rust-liable " variety, or it may be induot*d hy 
the environment by the presence «»'f moisture m the soil n-T»d 
the other conditions going to nutke a rusty locality " as well 
a* by the ooeurretux* of a moist and still atmosphere aoootn* 
ponied by beat, these bang the factors tliat go to make maty 
weather ' and to indoce a ** rusty season." The most teoent 
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experience, however, goes to show that the influence of at least 
two of those factors, — the state of the tissues and the circum- 
stances of the environment, — have been exaggerated and mis- 
understood (Append. A., p. 7-1). 

Varieties with little silicon in their comjiosition are always 
prone to rust (II. Conp. 42) , But even varieties naturally well- 
protected are liable if caught at a susceptible stage j this all 
the more readily if they be growing in a rich soil and so show- 
ing abroad and heavy foliage. For the broad and heavy flag 
required in England to evaporate as much moisture and to give 
as much exposure to sunlight as is i»os6ible in a climate so 
gloomy and so damp, is not advisable in a sunny climate like 
that of Australia. It does no good 'n ordinaiy seasons, and 
is a source of danger in rusty ones (11. Conp. 4'2). Moist and 
cloudy weather is apt to induct* iii any variety these undesirable 
characters ; the want of sunshine diminishes the vigour of the 
plant, while tin* dampness increases tlv gro\vth of leaf. There 
is more infective surfac-e and at the same time less power to 
resist the infection (11. Coni. 82). 

Whi'ats with a spreatling flag arc more Habit* to infec*tion 
than thost* with an eiwt leaf ^III. Conk. 85) ; as are those 
with a green foliage and unjirtiiected by a waxy bltiom. 

Harvests in which rast lias Itecii bail liave, generally in 
South Australia, Uvn late ones (11. < 'onp. 50), and late 
maturity in a variety of wheat is exceedingly apt to expose 
it to infi*ction by rust (II. Conp. V2). 

In Indiu it has bc'cn obs*'rv'od that those* wheats with a 
soft starchy gram apjiear to stiller more from rust than 
those with a hard glutinous grain, as do those that liave a 
broad leaf ns opjKised to tho«t* with a narrow flag. But 
perhaps neither of thtwe characters is altogether directly respon- 
sible for the liability ; those wheats that rijiened late, however, 
very evidently suffered most [Hee. Boi. Surr. Ind. I., p. 101), 

Alt insect ivlateii to the Hessian fly, when in the larval 
stagi*. is found in New South Wales U^ feed on the rust spores. 
It. however, also spreads the si>oii‘S and so does more harm 
than goitd. By the Apicultural Deiwrtment of the Govern- 
ment of New South Wall* it is thought tliat this insect is 
nMqtnnsible '* for a wrj larg<‘ amount of loss to the country 
by assisting the spn-ad of the rust-fungus ” (II. Conp. 85). 

Tlie subject of «-idf-»own or *' volunti*er " wheat as a 
1 metliate cause of m«t in the n.'gulai crop has been somewhat 
j fully diacosutil at the Australian (Douferenues. In Australia 
I tiiere is no doubt that a self^aown crop may he rusty, bat the 

F. 786. 


Ledger. 


Busty Weather. (2>. Fra%n.) 

experience of some Victorian farmers is that any grains that 
drop from the harvesting and come np the following year, 
lie exposed, grow with the early rains and, if not killed in 
cultivating, are much more forward than sown grain and are 
rjurely aHected with (II. Cosv, 22). This is the experi- 
ence that accortU with expectation and that is in xme with 
the recommendation to sow early, in order that rust may be 
avoideil — sowing foo soon being a iivy?h safer error to commit 
tlian bowing too late HI. )0), 

In (ioeN-nslaiul. however, it is found that volunteer 
wht*at IS particularly Inhle to rust (Sob-Coxf. J. In), and a 
mor»' rerent censub (d ojiinion in \ ictoria has brought out the 
fa4*t that, of bi casts, the inajoritv found self-sown wheat 
mon* ru-ty than (udinary wht^at, while 9 found it to apjiear 
(‘arlici on the Mdl-bown than on the t»rdinary kind (III. Conf. 
20) 'iiiere ib thub no doul)t a rihk attaching to the presence 
ofsclf-sowm j)lantb. Th(*rt‘ is Kiid to l>e little doubt that 
the prescnco of self-sown wlieat ib one of the factors enabling 
the stage of w^heat-rust to bt* continuous throughout 

the y^i l^etween one wheat crop and another (III* (’’onf, 29). 
It lb, theiefon*, v<‘rj^ adnsahlc to kci*pdown all self-sown wheat 
hy means of blier'p (III. ('oNF. 21), 

The subject of vohiritcM^r wheat i*^ not one that is likely 
to 1)6 of pructi(*Hl mU*rettt in India, for it may be doubted if 
any ])laiits are likidy t^) germiruiU* ; or, should they do so, to 
survive thnnigh the hot-weather that immediately succeeds 
the wheat liarvest. 

Tho t wo chapt^Ts tliat follow will l>e found to deal with these I 
nn-diate causeb of nirt ; it has scc nied more convenient to reverse 
the order indicatc\l :ti the paragraphs immediately preooding 
this, and to deal first witli the accidental causes and with the 
remedies for tliose that have from time to time been tried. 

Chapter III.— RI ST-PALLIATION. 

§ H. Rust is usually most prevalent in seasons when the rain- 
fall lb excessive, es]>e<*iallv during October and November (II. 
(ioiiF. 17, 49), and jiartieularly if tho wet season follows a warm 
spring (II. <;<)SF. 50.. Mere excess of ram-fall is not, how- 
ev4*r, •ufficieni to induct* rust ; it depends on the weather j 
follows fll Conf. 47; III. Conf. 14). If dear weather, as is ; 
usual in Que(*nslanii , huc<x^h1s the siinitner rams, rust does not | 
(K'cur 1,11. ('off. t7 K When cli>s«*, damp, muggy weather sets | 
in, then rust is certain to appear (II. 1 7, 2S, 32, 47, 60) ;| 
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III. CoNF. 14) ; it spreads most rapidly in calm hot days and 
dewy foggy nights (II. Conf. 17, 2S), its progress being 
especially rapid if a heavy dew at day -break is followed by a 
hot sun (II. Conf, 46). 

A drj^ cold season in Queensland is inimical to rust (II. 
Conf 26) , and a good high wind, especially a dry north one, is 
supposed at times to save the crop in Victoria (II. Conf. 17). 
In Queensland the belief is that rust app‘ars during or after 
a thunderstorm ; if this bi^ followed by a westerly wind, the rust 
makes no headway (II. C'onf. 2H). 

The year 1S89, which was a very rusty one, was marked in 
New South Wales by frequent thunderstorms at the time the 
wheat was in blootn (II. Conf. o 2). The colder districts were 
in that year less rusty than the others (II. Conf. 38). 

A heavy downpour of rain is supposed to enable wheiit to 
throw off rust. This is not, how’over, always the retult ; in any 
case the farmer's ojiinion that the rust has lK*(‘n washed away 
does not accuraUd} t« jawent wdiat has liapjK^neil. The mere 
fall of rain cannot wash out the fungus w^itlun the tissues of tht^ 
j)lant, and could hardly arrest its growth. Perhaps tlic result 
of the rain-fall is tu in<hi<*e a sudden increase in the growing 
cnei’gy of the whesU-jilant and to alter the cniuliticins favourable 
to the growth of the parasitic fungus that (‘onstitutes rust. 
Perhaps, too tlu* lower temperature that tdton accompanies a 
fall of rain may help to chiH.*k the growth of the rust (II. ('onf. 
17) just as hot, muggy weather favours its spn*ad. In the same 
way, fcx"), hot, muggy weather ap^H^arR to eh;»nge th<‘ eharactt*r 
of till' euhii, and rtmders it liable to Ik‘ attackeil as well as the 
leaves ; if only the flag Iv* attacked, the grain is not ruined ; if 
the 8tem also suffer, the grain does not form (II Conf. 3*2). 

Rust is said always to Ik* worst in shelt^*reil spots where 
the soil is damp, where mist lodges and currents of air do not 
readily reach the crop (11 Conf. 19), and in }>artieular districts 
pariiculai exp.>8ureb are said to,W more affect4*d by rust than 
others In other districts some cxposui^t, for instance, a soo- 
wanl osj^ect with the eoncvimitant influence of sca-vriuds, are 
said U> UMUimio-al to rust (11, Co.nf. 56). But no particular 
eipoenn? or eloN'ution, and no jiarticular prevailing wind, confers 
complete immunity (11 Conf 17, 1 9). 

It is supposed in Victoria that, if January' and February be 
wot, rust is inevitable, and it is nwrde<l that at least one farmer 
advocates that no crop bi* put in if the apple-trees blossom in 
tiiow months (Si b-conf, L. 39). 

In Indio, alw, rust is favoun^ by cloudy and damp weather 
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{Retol, Rev. Admitt., C. P., p. 2) or by sultry weather with an 
overcast sky {Rep. hy Commit. Settlement ^ Agriculture^ 
C. P.,on crots-bread Wheats, 1897, p. 2) or by heavy tnoming 
fops followed by heat Bot. Surr. Ind.l.\). 82) ; the 

opinion of the* t’ornmiesioner of Settlements and Agriculture, j 
C. P., was that in 1^97, after tlie sky lieoame clear, the spread 
of the rust spores was checked by the strong sunshine. 

§ 19. The ipestion of moisture in Lhe soil has been debated 
at some length. Rust is always said to be worst in hollows 
where water lodges (II. Conf. 19), and drainage is said to be 
perhaps the most important measure* the farmer can take to 
mitigate rust; undrained land is always moi.st, and in some 
cases is the only kind at all affected. This is the opinion and 
general eipcnenee in Victoiia {II. Conk. IS, 21), South 
Australia, — though there drainage is hardly practicable (II. 
Conk. 47, 50), and New South Wales (III. Conk. 15). It is, 
however, recorded that, although drainage, when its effect was 
exjieri mentally tested in Vntona, indiK*ed a higher outturn it 
did not appear to affect the rustiness (II. Conf. 8), and when 
the t*xpc*runent was repi*ated it was found tliat of six places 
urtificiallv drained, five were rusty. 

§20, The experience as regards seed -I >ed seems ocjually vari- 
able. A dry s^- lied is strongly reeoiiimended in Victoria by 
all who refer to the subject,— sowing on a diy* bed meaning, 
it is said, eom|»arative freeilom from rust, sowing on a moist 
seed-l>cd greater liability to affection (II. Conf. 10). In 
Unei'nslaud, on the whole, a dry seed -lied is supjiosed to be help- 
ful as an escape* from rust ; why, Mr Shelton, the Government 
Instructor in Agriculture, is not prepared to say,— if indeed it 
lie true at all (Srs-cosF. J. 15). Farmers who are of this 
opinion prefer to sow at once after ploughing, if the condition 
or the soil be otherwise favonralile, and trust to rain coming 
to start the seed. But in Queensland some farmers decline to 
put their »t*ed in a dry bod, preferring to wait for a shower, so 
as to ensure germination. Moreover, in some soils, where the 
land breaks up rough, the fanner prefers to wait for rain 
to enable him to barrow and pulverize the clods and so get a 
more even seed-bed (II. Coup. 28). 

21. The queation of irrigation is also an imporiairt one. 
At an Irrigation Conference &]d at Melbourne in 1890, it wm 
®o****d«rrf [ probably by thoae in favour of imgation, as such J 
th^ irrigate crop* were not more affected by rust than nn- 
ifrigatod. 'Fbe experience of others in Victoria has been that 
there was aenne mat on inigat^ crops when there wsa none 
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whether watering encouraged the ruBt-Bpores to spread. In 
the event it was observed that rust did spread to a certain 
extent {Jtep. hy Commiu. Settlements and Agric., C. P., on 
Crot$-bred ff' beats, 1897, p. 4). 

§ 42. According to the Australian hirmer crops on reh soils 
sufier mont from rust (II. Co>jf. 1 7, ''2); fallow*land being 
usually most affected (II. Conv. 19). This is the general ex- 

E eriencc in South Australia, and in i-uoty years the best crops 
avc in manj cases bt^en reajxxl fisitn the poorest soils or from 
exhausted fields (II. Covr. 19 ). One (bscrver, however, thinks 
wheat should never follou wheat (II. G>nf. 41). Light lime- 
stone and sandy soils alwa\ s suffer less than loams and clays 
(II. Cons’. 60). 

In New’ South Wales clay surface and a clay sub-soil are 
bad because of the tendency to rust (III. Conf. 15) ; in Vic- 
toria the experience is that loam, clay or strong land suffer 
least ; next comes a sandy soil ; black soils suffer most, though 
ohooolab’ soils are almost as liad (111. Conp. 19). 

The explanation is obviously not the result of any direct 
connection between rich soil and rast. Rich soils and fallow 
lands naturally yield heavier crops ; heavier crops mean more 
luxuriant vegetation, therefore softer tissues, and, as a conse- 
quence, great<*r suscoptibility to the .nfection (II. CoNP. 19, 
49). In ktvping witli this is the experieiKu* in South Australia 
that rust is worst in those' 3 'ear 8 when the crop is otherwise best 
(II. Conp. 50). The obii'ctum to wheat following wheat is 
the possibility of self-sown wheat ]9antH ap|jearing in the in- 
terval Ivtween the two cro])s and liarbouring the rust in the 
miantime; such plants, temiwl “ volunteers," are said to be 
particularly liable ^ be affected (Sub. - ooNP. J. 15). In Queens- 
land wheat on scrub-lands is said to be particularly liable 
to rust (SuB.-CoKP. J. 14). 

tj 28. In notoriously rusty distriebj in Queensland certain 
areas arc never damaged by rust (II. CoNV. 28). Their exist- 
ence is not explained by Mr. Shelton, who called attention to 
them at the Second Conference, although they formed the sub- 
ject of a prolonged discussion (II. CoNir. 30, 31). The pheno- | 
menon appears to be undoubted. 1 

The \Laliee districts of ^'ictoria are said also to be peou- / 
liarly rust-free, and so are the Murray Flats in South Austra- I 
ba ; the explanation given of the comparative immuniW from 
rust in these areas is that the crop npens early— harvest 
beginning in Octuber— and that the rain-xsll is light. It is, 
however, contended that the phenomenon in Queensland Js^ 
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of a character that neither light rain-fall nor early growth 
will Batisfaetorily account fur. It is true that in Victoria 
and elsewhen* in any season one field may be found free from 
rust and an adjacent one be badly affected, and that the circum- 
stance may l>e explicable owing to differences of local condi- 
tions as to drainage, position as regards wind, etc. But the 
point as regards these areas in Queensland is that even in 
rusty districts, and even on low-l}dng and black soils the 
crops in these rust-free fields growing beside and reaped along 
with rusty crops, altoa//s remained I'ust-free (II Conf. 31). 

§ 24. Intimately connected with this is the question of 
the treatment to which the soil is subjected beforehand The 
effects of ])loughing —deep as opposed to shallow — are doubtful. 
In Victoria both were found, in experimental observations, 

I to be equally rasty ; the deeply ploughed gave the heavier 
crop, thus favouring the development of rust indirectly (II. 
CoNF. S ). Still in Victoria a general census of farming opi- 
nion showed tlnat it was supposed in that colony that shallow- 
ploughing favoured rust (II. Conf, 18). In South Australia, 
on the other liand, (k^'p-ciiltivation was supposed to favour rust 
(II. Conk. 501 ; when the facts were looked into it appeare<i 
tlmt deep-jdoughmg was really not so good; at all events the 
average depth of jdoughing, m lands reported rus^ during 
1S91-02, was implies, the average depth in rust-free lands only 
54 inches (11. Conk. 1 1). But in the same year in Victoria the 
results \vere so evenly balanced Til I. Conf. 19) that it is 
doubtful if they liail anything to do withthe question ; it is 
admitted, however, that the statistics and exwrimente re- 
corded are not quiU' eonolusivc (IK Conf. 18 ; III. Conf. 48). 

Harrowing when the plant was 2 feet high is reported in 
one case to liaw l>ec'u followed by improved yield of grain and 
the crop wus vety shghtly affected by rust (II. Conf. 21). 
[It i\<h^ not follow that the freedom from rust depended on 
the liarrowing, ] 

notation of crops is strongly recommended by Dr. Cobh. 
The reasi^ui why w'htmt gets diiM^ased, if grown continuously 
in one is two-fold : - 

(1) The soil is exhausted of those constituents that wheat 
imxnally draws umn. 

(2) rm entries of wheat, at first few in a new country, 
year by year increase unchecked Rotation, or a car^ 
hil systwi of fallowing, will tend to check the prone- 
neas to inorayie of thM cnemiee, and among them 
of msta. 
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No metibod of combatting met is more rational, therefore, 
than rotation (Cobb. Contrib. vol 8, p. 188 ). This is 
more or less advocated by others (II. CoNv. 21), Mr, Pearson 
(Victoria) thinking that for his colony the time for a general 
adoption of rotation baa already arriviKi (II. Cons 88 ). 
Indeed rotation is recomniondiai lK‘0.uiBe fallow-wheat and 
wheat after green-ornpio siid to be h ss rusty than wheat after 
wheat (II. Con?. 30, .33). I'- appears, indeed, that particular 
rotations are advisable ; it isstjtctl that wheat after mangolds 
proved more free* from rust, less flaggy, stronger in the straw, 
less lodged and altogethei a lietter crop than after potatoes 
(III. Con?. 45 ). In an\ ease it is iwonimended that a 
fi<‘ld in which rust has ap|)eared in one year should bt* left 
fallow the next (11. Com 3.5). One New South Wales 
farmer adds that wheat should not be sow n too soon after 
ploughing; the delay, he thinks, gi\os a harder and more 
nealthy straw (11. Cons 33). 

There is, however, another side to the question, Mr. 
MeAlpine (Victoria) Hnds th< lesults from rotation in Victoria 
very inconclusive (III. Con?. 10). In South Australia — 
where at present who,it is sown in fallowed laud, the stubbie is 
eaten off by sheep, in the following season the land is well 
worked, and wheat is again put in (II. Con?. 4i>) — it is found 
that high farming and iich soil ojierate in incieasing tlu^ liabi- 
lity to rust, alwavs supposing that the climatic eonditions 
favour its development (II. Con?. 60). 

Rust prevails with all kinds of cropping Imt st^ms to be 
altvays worst when the cultivation is goial. Thus Mr. Lowrie 
(South Australia) finds that in the ExjHTimental Farm at Rose- 
worthy, well-tilled, well-manured, well-rested and new lands 
suffer most. Low-lying, m li or fertili flats are quite the 
wont, but new land* and manured fields also suffer badly 
(II. CoKP 5(i). 

In Victoria it was found m 1891 that htUow was 
not more rusty than old land ; while it did not seem that 
cropping any number of years added to the risk of rust 
(III. Co»p. 19) 

^le opinion regarding fallowing is, in South Anstraha, 
divided ; some advocate, others condemn the system. Mr. 
Lowrie thinks that the apparent exemption from rust which 
fhUow-huid in sonoe cases enjoys is due to its being the oua* 
tom to sow bare fisUow-land first in the season ana the crop 
is mised and ripned sufficiently early to escape the rust. On 
^ othar hand, wheat after wheat, being prflaamaUy more 
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dwarf and stunted than wheat after fallow, would suffer less 
from rust than the luxuriant crop after fallow if the two are 
sown together and are equally exposed to infection (II. 
CoNF. 50). 

Mr. McAlpine (Victoria) in giving a summary of recom- 
mendations (III. CoNF. 2.1) advises working the land dry, cul- 
tivating deeply, draining thoroughly and sowing seed in a 
dry bed. 

Mr. Bayne (New Zealand) also advocates good agricul- 
tural methods as the best means of combatting rust, among 
these being clean culture, judicious rotations and fallowing of 
land (SuB-coNF. O. 49 S) 

Burning §25, Whether the stubble should be burned before wheat 

Btnbble. ie put in, is a much-discussed point. One observer strongly 
advises it (II Conf. 21) as a wise precaution since it destroys 
any spores of rust that may be about. It will not, however, 
be fully effective unless the weeds that may harbour the rust 
in adjaecnt paddocks and along headlands are rooted out and 
bum^ also. 

In Queensland only alwnt 20 per cent, of the farmers had 
experience of the tresitmeut. Those who have tried it favour 
it (II. CoNF. 88), and it is officially recommended (II. CoNF. 
80) for tlie Colony. 

In Now South Wales the results and opinions are rather 
contradictory (II. Conf. S2) and not mQ<‘h is known about it 
(HI. CoNF. 15). Somo of the farmers recommend it ; so does 
Dr. Cobb (II. Conf. 88, 36). Mr. Farrer (New South Wales), 
on the contraiy, is much opposed to it owing to the waste of 
humus-forming matUT (II. Conf. 40) ; to this Mr. Pearson 
(Victoria) replies that while this is true, it is better to sacriEce 
the humus and avoid the risk of losing .50 i>er cent, of the wheat- 
crop, if keeping the stnhblc means harnnuring the spores of 
rust (II. Conf. 44). Mr. Shelton (Queensland) too, while 
agreeing with Mr. Farrer that rit is inadvisable to burn 
** siraw^’ (after the stripper), thinks there is no harm in burning 
“ stubble *’ (after the rea.pcr) for at best the stubble is roi^n 
awl is not a good fertdiztug material (II. Conf. 46). On 
reoonsideration Mr. Farrer was prepared to permit the burning 
of stuUileif done immediately after harvesting and if followed 
by a OHtcdi orop of oow-neas (11. Conf. 41, foot-note). 

In expnriments oonuucted al Fort Fairv (Victoria), it was 
found thi^ a plot where the stubble had Wn bum^ bore a 
heavier crop and was less affected by rust, and this, although 
it was ea tie eMferti side e/a /emee (II. 8), and 
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fore in other respects leas favourably situated. But latar 
evidence from Victoria wm decidedly a^inst the burning of 
stubble being of the faintest use (III. Conf. 20), and this 
is the South Australian experience also (II. Conf. 51 ). 

In Soxith Australia there was many years ago a low pre* 
venting the burning of stubble and in those days the crops of 
wheat were excellent ; ^t Jhat time, however, the farmers 
knew nothing about rust (il. Conf. 45). 

§ 26. Besides the mere physical treatment of the soil, the 
qxiestion of special ap{)lications, including, of course, manures 
proper, lias also been carefully considei'od at these Confer- 
ences. 

Of manures proper, farm-yard manure almost always gfives 
the worst results. In Victoria the crop on patches experiment- 
ally grown with farm-yard manure was sickly from the first 
(it, Conf. 7). In Now South Wales also, farm-yard manure 
produced a flaggy, mucb-ruBte<l crop (II. Conf. 38) ; the same 
was the exjierienoe in South Australia (II. Conf. 50). In 
Queensland littlo manure is used, that little l)eing mostly farm- 
yanl, and it did not seem to have any bad effect ; it was, how- 
ever, admitted tliat the year under discussion (1800) was a year 
of little rust in any case (II. Conf* :i8). It ie not, however, 
in (inct-nt^land alorK- tliat tlie ill-effect of Btable*litter and 
fama-yarJ manur^' is dmitd (II, Conf. 18), but the evidence 
affaiubt itF line fairly strong, for 21 out of 31 of those who 
ustd it rcjKirt badly <>f it. The niHting is evidently not a 
direct result of the a]>pUcutn)n of manure, but is induced be- 
cause the manure promoU»s a rank growth and a tendency to 
lodge (itself an indication tliat the straw is weak), and thus 
prevents the fre^' jmsHage of air among the straw (II. CONP* 
7 ; IIL Conf. 42). The rank growth, moreover, causes de- 
lay in ripening, which is a factor increasing the risk of 
rust (Scfl-coNF. J. 15). 

Nitrogenous manures have been found in South Australia 
to favour rust, while phosphatic ones rather tend to diminish it. 
(Mr. Lowrie, III. Conf. 65). In New South Wales, Mr. 
Anderson states that phosjihatic manures ripened the wheat 
10-14 days earlier and such crops were doubled (III. Conf. 
68). The explanation, cited from Voelcker, is that nitn^e- 
nous manures by affording the plants an exosss of niirogenont 
food retard the ripening m com crops, wheraae phosphate of 
Ume^ often p iss e p t in consider^ale quantity after a maoMld 
crop, has a tendaicy to induce early maturity (III. Con. AT). 
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This acceleration of ripening helps to save the crop from rust 
(SUB-CONF. J. 15). 

A year earlier, however, Mr. Lowrie had found expcniment' 
ally that both phosphatic and nitrogenous mixtures decidedly 
increased the tendency to rust (11. Conf. 50), while the ex- 
perimental results recorded from Victoria in two successive 
seasons showed pretty conclusively that plots where wheat was 
grown with phosphates were more rusty than those grown 
without phosphates or without manure at all. At the same 
time the use of nitrogenous manures did not appreciably 
increase the amount of rust (II. Conf. 7 ; III. Conf. 42), The 
explanation given by Mr. Pearson (Victoria) of these results 
was that proljably the effe(4 was indirect ; the thinner, poorer 
crop resulting from the absence of manures afforded better 
j ventilation to the plants, and the better ventilation of a thin 
I crop in. Au%iraUa favours freedom from rust. If the con- 
tention that nitrogenous manureb increabc rust be a sound 
one, the result is no doubt due to the unusually thick crop 
produced (II. Conf. 7). 

Mr. Shelton (Qui‘eubland) was, however, unconvinctnl by the 
Victoria results, since in Queensland jdots tlxat had received no 
fertilizing agent were just as variable in their results as those 
tlxat Ixad been fertilized (II. Conf. 28). 

In New South Wales it is Ijelieved by some that wheat 
should never bt‘ sown in fresh ly-manurtKl ground (II. CoNF. 
33), and in South Australia some are convinced that if the rain- 
fall be light, the more manure is pat in the ground the worse 
will the crop (III. Conf. 67). 

Mr, Farrer (New South Wales) insists on the necessity 
for securing a viiriety of wheat that shall productive in 
soil of average fertility without the use of manure (II. Conf. 
4*4). Mr, Pearson (Victoria) while agrt^eing that it wtmi not 
lKK)easary to manim* uuh^ it would jxay, pointed out that in 
V ictoria it paid to manure barleys, and to overlook the necessity 
for manuring wheats would be a mistake (II. Conf, 45). 

I Mr, Slkdton (Queensland) does not believe that the 
I Queensland farmer can afford to manure a wlu^6eld. In 
] America where the conditions are similar, no one manures 
directly, Th^ manure indirectly by pasturing, by maixe, or 
by grwa-crops, giving the manure to the crop preceding the 
wls^ and so mong the edge off the manure (11. Xkaw^ 
U). 
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§ '27. Several special preventive applications have been tried. 
Thus “ limeing was experimentalfy tested in Victoria in 
1890 and the following season. In both cases it was ineffectual 
{II. CoNF. 7, SJl ; III. CoNF. 46) ; on the contrary, it caused a 
rather heavier flag an<l thus increased the liability to rust. 
In Queensland, on the other hand, it was rather favourably 
reported on (II. CoNK 

Potash salts appeared Ut doorcase the rustiness when used 
in the form of chloride (II. Conp. 7; III. Conf. 46). As 
nitratt* it seemed t<' toughen tht* straw and to force the 
growth of the plant, huf as then* was little rust about> the 
experiment was inconoluMve (II. Conp. 21), 

Common salt and sulphate of iron appeared in Victoria 
t,o have an antiseptic proju-rty and diminished rust. At the 
wvmo time they diminished the outturn of grain (II. Conf. 7 ; 
III Conf. 46). In anoth* r series of eipi-riments the plots 
treated with salt were decidedly the cleanest (II. Conf. 14). 
The result is probably due to the salt stunting the growth of 
the plants, toughening their straw and checking the tendency 
to flagginess (II. Conp. 21). 

In Queensland, too, salt applied broadcast at the rate of 
SOOlb [per acre ?J is said to nave often given favourable 
ri»sults (II. Co.N'F. So). Hut the eipiuienco of South Austra^ 
ha IS that neither kaiiiit nor salt luive any preventive effect 
(I I. Conf. 50), and in ^*ictoria renewed exjx'riment showed that, 
while salt strengtliened the crop, it did not lessen rust (III. 
(’ONF. 16). 

Sulphate of ammonia and superphosphat*' of lime, one 
part to umx', recommended as a nist- preventing mannre, was 
round to increase the yield, hut did not diminish the rust (III. 
Conf. 15), and in New Zealand d propot of a series of experi- 
ments with a so-called “pn*vfntivc manure sent to Welling- 
ton from Australia, Mr. llayne, Director of Lincoln College, 
6nds that '* no manure has yet been discovered that is a pre* 
ventive of rust in cereal crops *’ (SuB-conr. O. 494), 

§ 2S. The treatment by disinfectants of the se^ to be sown 
was at first supposed hkely to be useful (I. CoHF. 68) and has 
been fully tested. The subetancee employed have been 
sulphate of copper, carbolic acid and hot water. 

Sulphate ofoop(>er did nothing to prevent mat (II. Cow. 
14, ^ ; III. Conp. 15, 21), on the contrary it was c on side r ed 
in New Sonth Wales to have ditnini«tmd the germinating powar 
of the wheat (II. Cow. 82). 
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Carbolic acid was a failure ; there was a greater loss from 
‘ Smut ^ after its use than the observer had ever experienced 
(II. CoNF. 21 ) . This is interesting, because the pickling pro- 
cess, with sulphate of copper at all events, though not effica- 
cious against rust, is good for preventing ‘ Smut ' (II. Conf. 
36). 

The hot-water treatment, which is said to have been found 
efficacious in Denmark, was recommended (III, Conf. 68), but 
found useless (Sub-oonk. J. 15). 

No process of pickling can lie expected to be useful, for 
though a few spores may Ik? entangled in the “ brush and the 
'application might destroy these, there is no mycelium in the 
Bo^. Rust does not often afCeet the seed at all and has never 
been known to enter the seed while in the ground and before 
the appearance of the leaves. It may and does attack the 
plant at any stage after it has appeared alx>ve the surface of 
the ground ; this, so far as is known, is the only way in which 
it does attack the plant. No trmtment of the seed can, there- 
fore, Ik? of the faintest use (Conn, Conthib. vol. III., p. 183). 
The actual demonstration of this fact is recorded (IV. 
CoNP. 29). 

The subject has received very careful attention in \'ictoria. 
Twenty different modes of treatment were adojitodand the ivsult 
was to show “(liat the treatment of seed for rust is a 
I delusion.’^ The hot-water treatment w'as not more successful 
I than the others. It ai>peared rather to hasten germination 
I though the proiKirtion <»f seeds to germinate was lessened, and 
I tlie riix'ning whs somewhat retarded (1\ . Conf. 25). 

I The -view that any treatment of the seed is valueless was 
I adopted as an undoubted couclusion at the last Conference (V • 
I Conf. 8), 

Dmo( Bonldjr' ^ 29. The uk* of seed that has by accident become mouldy 
hai been advanced tus a possible cause of rust. This question 
has Ijeon settled by oxperimantal sowings in South Australia 
which show that sound dry wheat-grain does nut resist mst, 
while mildewed wheat does not prove more Ualde to rust than 
dry grain (II. Conf. 46). 

Um of raai> (j 30. The fact that the sowing of nut-shrivelled wheat is 
sliiHvsilod not attended bv any iuhenmt bad consequences has been long 
known. The tamous breeder, Mr. Jethro Tull, wrote, in 1761, 
that " some have thought that a large gnun of wheat would 
' prodnoe a larger plant than a small grain, bat 1 have full 
I cxperieDoe to the contrary. Fanners in general know this 
I and ohooft) Uw thinnest, smaUMt-grainad wheat for Medi and 
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therefore prefer that which is hliffhted and lodged.'^ And Sir 
Joseph Banks in 1806 noticed that rust-shrivelled wheat may 
be employed for seed. Doubts have l)een thrown on this ex- 
perience, however, and the Australian I'esults and conclusions 
are consequently of very considerable value. 

In \’ictorui it was found experimentally (Port Fairy) 
that the healthy st^ed J,a,^e th(' U tter outtuni, but that there 
was no clear evidence that l;he habiiity to rust was less ^vith 
healthy than with shrivelle<l grain (II Conk. H). In the 
following season the Port Fany farm showed that the yield from 
rust-shrivelled seed wa.s only 71 Imshcls per acre, as compared 
with iSJ bushels from healthy seed (III. CoN?. ‘17). At 
another oxp rimental station (Dookie), it was found that the 
yield per acre from rust-shn veiled sctnl was about 20 per cent, 
greater than from hi-althy S(^‘,>d, and the bam pie was also of 
sujK'rior quality , but that the plants raised from shrivelled seed 
were perceptibly more nisty than those raised from plump 
seed (II. CoNP. 18). 

The latter exjieriencc is more in accordance with what is at 
all events the general lielief. The vast majority of Victorian 
farmers have found the product of rubt-shrivclled seed to be 
at least equal to that of plump Bee<l in quality and yii'ld. If 
the rustiness of the resulting eroji U* taken into consideration, 
it Seems to U‘ mueli the same in either case. Many indeed state 
that they have never -.t en a rusty crop from rusty Sf'ed ; these 
are prolaihly olisc^rvi-rs who have not had tlie misfortune to ex- 
periene*' two eons4H'utive nmty years, for when one rusty year 
follows another, rust attacks U)th sorts (“(lually (II. Conf. 21). 
The «<*eond gimeration of the rust-shrivelled se^ when sown 
yielded good crops, hut just like the original stock; when nutt 
was present it was affected prcinsely as the crops from other torts 
were (II. Conf. 20). The g(‘ueral opinion in Victoria is, or 
was, that niBU*d is quite as go^id as plump grain (III Cokf. 20). 

In South .Australia it is considenNl that there is evidently 
no disadvantage in using rubt-slurivelled seed ; indeed, if the 
evidence leans to any side it is in favour of using mst^ seed 
{II. Cokf. 51). 

In Now South Wales the opinion expressed by 17 farmers 
in 1890 wae in favour of plump seed u rust-resisting, only 5 
&voared shrivelled seed, and 14 were indifferent. Some of 
ibote who towed rast-thrivelled'teed claimed a heavier onttom 
from it (II. CoiTF. 34). Dr. Cobb, however, tayt ahritellad teed 
it at good at phunp to far at mere germination and onttom 
aie ooBoemed, though be favourt plump teed (II. CcKf, S6) j 
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and in the following year it is said that the general conclusion 
in New South Wales was that rust-shrivelled grain is not worse 
than plump grain. 

In Queensland, of 60 farmers who used rust-shrivelled 
wheat, 66 reported having obtained excellent results, and the 
others only objected on theoretical grounds (H. CoNy. 28). 

Mr. McAlpine (Victoria) finds that thi* germinating 
power of rust-shrivelled set‘d is sometimes inferior and some- 
times superior to that of plump seed, but, generally speaking, 
rust-shrivelled germinates just as w(‘ll as plump. The liability 
to rust was equally great ihe game variely of wheat whether 
the crop w’as raisixl from rast-shriveUed or from plump grain. 
The yield from an equal number of rust-shrivelled grains was, 
however, superior. These results confirm the general opinion 
of farmers, which is that rust-shrivelled seed may lie safely 
BOW’U, especially if the land b*- in good condition and the season 
favourable for giving the a good start. They also confirm 
the results obtained at ihe ex])erimental station, Minnesota, 
XT, S. A., where shrivelk'd seed with eaieful eliauing and win- 
nowing was found to l»e safely usable (Si b-conp. L. 22). Even 
if no harm results from using lust^ seed, sliow'ing that the 
disease is in no way of a hereditary nature, necessaiily no 
, particular benefit is to lie derived fiom the use of rusty seed 
since it i« not rendered in any v\ay immune against rust, even 
in the first generation (11. Uonk. 21). 

I Mr. Pearson (Victoria) discussing the subject points out 
that if it be a question of using plump scM»d of a ciop that has 
! merely “ escaped ” rust in the preceding year, or of using 
j shrivelled si*ed of a crop tliat lias lieeii rusty, there is little to 
choose between tliem But if it be a question of using seed 
whose plumpness is due cither, (1) to tlie plant, though exposed 
to all the riaks of rust infection, resisting thes^* ; or (2) to the 
plant, though infected, still havdng the constitutional ability to 
make a fairly plum|) seed, then it is better to choose such a 
plump, or fairly plump, see<l than to sidect shrivelled seed. For 
' when the plumpness of the grain is due to constitutional causes 
' in the parent plant, that gram or seed is very much superior 
I to shrivelled grain and ought always to be sown in preference. 

^ WhnijOUthe other liand, the plumpness is due merely to exter- 
' oal oonditioos of growth, the sujicriority of such seed over 
' nut-shrivelled seri is not so great, and may at timaa not be 
I a]ifssrent at all (111. Cokv. 57). 

I Mr. Shelton (Queensland) puts the same argument in a 
I MBMwhat different way. 1 be variety and the time of seeding;* 
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not the quality of the sample of speed, determine the ability of 
the crop to escape mst-contaorion. There is a cogent reason for 
avoiding seed that bears the marks of the disease ; the Very fact 
that the seed has thus sufEered from rust is proof that it belongs 
to a rust-liablo variety, and so may be expected to produce 
a crop strongly susceptible to nist infection (SuB-ooNr. 
J. 16). 

Mr. McAlpmo (Victorijl,' expresses a similar opinion. The 
rust-shrivelled grain is eertainV in(>re hahle, per te, to 
propagate rust in a nasty seasou. But in selecting seed, /or 
(Ae production 0 / rux,‘-i <\usitn// rariettei, one would naturally 
choose seed with a clean record and as far as possible without 
the taint of the disesiMi (Si ii-< oxr. L. 22). 

The final rcjnirt of the ('ommitt,ee at the most recent of 
tlie inter-colomal conferences forcibly endorses this opinion, 
which it puts forward as one of two conclusions at which the 
conference has arrived, oie.: — “ that the notion that rust- 
shrivelled seed can be sown with as gooil results as plump 
seed is erroneous'* (V. Conh. .‘1). 

A nist-shrivelled grain is liard, dry, generally uninjured 
in threshing, and contains mure gluten and less starch than 
ordiua^ grain ; in testing the germinating power of the 
two, M^r. MoAlpine found that S7 pei cent of shrivelled grain 

f erminateil as against only 07 jier cent, of plump (Sub-oonp, 
i. 22). [No doubt the excess is partly to be explained by the 
diminislied liability to physical injury in the case of shrivelled 
grain. At the same time the [iresencc of starch in tueh 
exeet! at to eante the grain to te plump may be a condition as 
unnatural as the presence, in excess, of fat in the liver of a 
Strassburg pxise ; anything therefore, like an attack of nut, 
that tends to reduce the amount of starch would tend, />ar« paieu, 
to render the wheat-grain less unnatural and, oonseqnently, 
physiologically mure vigorous. This, however, to he an un- 
mixed benefit, would imply that the effects of rust were 
limited to the prevention of excessive formation of starch ; as 
we know, the effects of a severe attack of rust often lead to 
the inability of the plant to form a grain at all.] 

In Mr. Me Alpine's experiment, however, the plump gnan 
in question was the product of the rust-shrivelled seen and 
the latter was therefore a year older. Gammenting on tins 
experiment Professor Sorauer ooncludee that the ge rmin a t i ng 
power of nuWhrivelled grain is improved when the seed is a 

S »r old, an aspsot of t^ question that had not ooourred to 
r. McAlptne srao, however, is now inclined to think that 
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tbe germinating power of all seed is inoreased jjy keepii^ it 
till it is one year old. At any rate many farmers think so j 
some even suppose that keeping seed for a year tends to lessen 
the severity of the effects of rust. (Sob-oonf. L. 22). The 
use of two years^ old seed becomes, therefore, one of Mr. 
McAlpine’s recommendations (III. Conf. 21). 

§ 31. The use of a si^eeial size «f seed of any variety, 
though this Selection has no bearing on the question of immu- 
nity from rust, has been incidentally dealt with. 

In all cases small seeds should be avoided as they yield a 
decidedly lighb^r crop. In some cases likewise the largest 
should be excluded as these also yield a crop lighter than 
average though less light than that yielded by the smallest 
seeds. 

From the largest heads the yield is much the most pro- 
lific. The yield indeed is far greater from the smallest seeds 
of large h(>adH than from the largest seeds of small heads. 
There stH.‘niH, however, t(t Iw no special benefit obtained by 
eeliKiting seed from any special part (middle or upper or lower 
third) of the head fill. Conk 67). 

5 82. The ex^K'ru noe obtained during the enquiry into the 
(]|ue8tion of nist-shrivelltd gram has, in the opinion of Austra- 
lian observers, quib* sati'^fnetorily disposed of the belief 
that Rust is a lieroditary disease. What is hereditary 
is a liability to affection m ci rtaiii varieties of whi'at ; unfor- 
I tunately this susceptibility is not oonUned to such varieties ; 
for breeds of wheat that prove fairly rust-resisting in certain 
countries or districts fail to escape when sown elsew'here, and 
wheats that ewiB]x‘ rust in one distnct during a (X'rtain season 
I may suffer most in the same district during another 
I (I. CoNP. 5.8) A careful |ierubal of the latest expreasion of 
{ European opinion (Appkndix A.) will, however, show that the 
point is by no means definitely settled ; on the contrary, it 
IB probable that the older view, expressed by W. G, Smith 
and others Dept, of AgrieuU.; Report on 

Imgeet and ]\ngm$ Pe$U, n. 1, 1^89, p. 2l0 ; Gardanart 
Ckrontcle, 1B85, li, 211 is correct, and that rust is hersditary. 
The exphmatioin ot the fact that is offered by Mr. Smith is, 
however, certainly insuflilcient. 

^ $3. The treatment of the growing crop for the palliation 
or prevention of rust, though at first it seemed a hopeful 
line of experiment (I. Conp. «3), has proved nsetesa. 

Tha effect of spraying with common salt was as/ aa rwarda 
diminutioD of mat; it, however, materially deacaaea the 
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outturn o£ grain (II. Conv. 7) when the experiment wae tried 
at the Port Fairy Farm, 18&9-9U. Spraying with sulphate of 
iron at this farm both L'seened the quantity of rust and in- 
creased the outturn of grain. It was computed that with a 
smtable spraying inbtrument the substance might be applied 
at a cost of jne ])tuny per .icre. The result is stated to have 
b'on th'it for -tj» li^/, spraying with sulphate of iron, 

six additional bushes of wij^»t were obtained. 

At the Childir't. Farm similar oxjieriments seemed to 
show tli.it 8ul]*liate of iron protected the wheat subjected to 
the spray, for about ,i foiluighi It was even claimed that the 
spraying curet rust. I'le* j>enod oI risk is not perhaps more 
than a month to six weekb ; tlirt'e sprajiugs during this fieriod 
should, therefore, efft'ctually salt the crop. The cost should 
be, at the outside, 1*. OJ. per acre; and the a])plication need 
only be made in rusty yeais (II. Conk. la). In Victoria, there- 
fore, spraying with a suitable solution was strongly recom- 
mended (il CovK. 21). 

Dr Uobb (New South Wait s) favouietl spraying on theoret- 
ical grounds on account of its luuing pro\i.*d eff<>ctivein peaoh- 
rubt and othei blights (II. Covp. ai), and in 1891 he believed 
tliat he liad settleil btyoud doubt lus ability to recommend a 
solution to bo used with the hti-awsoiiizer which will kill the 
Hjioreh of lust (II. Cone. .'(5). llu.* bloom of wheat prevents 
any butthe tinest Hpiay affcHfing it, lunce the rust may b(‘ 
wetted more leadiK tlmn the wheat. *' Saccliarnte of copper,'^ 
or bluestoiie and treacle, as used in France, was considered by 
Cobb likely to jimve usiful, the treacle causing tlie fungicide 
to remain on the plant (II Com* .iU). 

In the dibcuBsioii on this hubjtct at the Second Conference 
Mr. Pearson (Victona) considir.d the strawsonizer unlikely 
to gi\e spray fine enough, though In- deemed spray likely to 
be of U 1 M-. Mr. Shelton (Uuei iisland), while not disputing the 
theoretical value of spray, tJiought tliat a iicw race of fanners 
would have to be bred before the remedy could be applied. 
And ho asked for caution in recommending spray, first beoanse 
of the many sprays recommendixl tliat prove in time to be 
valueless, and again because, supiKwing the sprays to be effective 
they could not be got umn the plante (II, Conk. 38). 

It was pointed out toat, so for as the experiments went, 
they showw that spray applied before mst begins dose no 
go<]d ; Uie answer was tliat “ Saceliaratc of copper soInticD ” 
meets the difficulty, because it stays on the plant (II. Conr. 
38 ). Mr. Paanson uudsted that spraying sbotild only be 





48 


Tht Agricultural 


ruiroi. 


Boat and Time of Sowing. 


Tim* ol 
•owing. 


regarded as an expedient of a temporary nature, pending the 
production of rust-resisting or rust-avoiding varieties^ and to 
this Mr. MoAlpine (Victoria) agreed, but urged their use till 
such time as a rust-free wheat is evolved (II. Conp 44, 45). 

In the next year's experiments it was found that, while 
spraying with sulphate of copper temporaiily cleaned the 
straw, it got rusty again later on (III. Conf. 16). 

At Port Fairy the experiments with sulphate of iron 
were repeated in 1S91. The spraying did appear to kill the 
rust in the plants to wliich it was applied, bxit the rust re- 
appeared and the beneficial efEects were masked or lost. As 
good results as any were obtained by using 2 oz. of sulphate 
of iron to the gallon and applying 30 gallons of this solution 
per acre. There seemed no advantage in exceeding 30 gallons, 
wliatever the strength, even with a dense crop 5^ feet high. 

The experiments were deemed a partial success ; but for 
the best results a steam-spray was considered essential (III. 
Conp. 40). Indeed in Victoria g»morally spraying with sul- 
phate of iron was supposed to be a decided success (III. 
Conp. 21). 

At the Adelaide Confen'iici* of 1 howiwor. Dr. Cobh 
thought it doubtful if spraying was worth going on with. 
If employiHl it should bo as short, quick sjirayings, so that the 
water should remain divided and not run into drops (III, 
Conp. 29). 

In Queensland the experience of 1 S9 1 was that spraying 
“ oounts for nothing " (II. Conf. 61 ), and the South Austra- 
lian exjierieuoe was just as disappointing (II. Conf. 2t, 66). 
At the later conferences the matter was not even discussed. 

§ 84. The time of sowing appears to be of the highest conse- 
quence, iu Australia, in connection with the rust-problem. 
The comparative absence of rust from self-sown wheat, which 
is always early, is used as an argument in favour of early 
sowing (II. Conp. 21), but as it is at least doubtful if suen 
wheat be leas rusted (Stb-conp. J. 15; III. Conf. 20), the 
argument fails. 

Early sowing has been the remedy most in &vour from the 
ontaet fl. Comp. 68). It is found that early sowing greatly 
diminiuas the degree of lustiness : it dimimsbes the outturn, 
howwar, at the Mune time, for the effect of sowing a fortnight 
too early has decreased the outturn as much as 88 per cent., 
though at the same time it ensured freedom from rust. Late 
•owing tnoiaaaes the risk of lust very greatly ; wheat 
fortnight too late 
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the same time badly rnsted. Sowing too soon is, therefore, a 
safer mistake than sowing too late (II. Conf. 10). Early sow- 
ing is generally acknowledged to be best, as by that means the 
crop has a greater chance of avoiding the rust or of coping with it 
if Attacked. This is repeated again and again in the Australian 
literature of rust .II. Conp. 26, 2S. 30, .32, 33, 85, 44, 46, 60 ; 
III. CoNF. 14, 20, 22 ; ST’B-rpNP. J. 1 1 j O. 495). 

An interesting instance, aQ bearing out the same rule, is 
quoted from one of the A'iotorian eicjierimental farms (Dookie) 
where a recently imported English varietv produced a thick 
crop fate of maturing and was verj' rusty {II. Conf. 14), The 
same was the experience with 12 freely tillering Swedish 
wheats, s^v-ially imported because in Sweden they are mst- 
roeistant (IV Conf 21) The beneficial effects of early sowing 
wore very marked at another of these farms (Port Fairy) in 
1891, all the more so because rust in that vear came on very 
early. The difference of outturn lietwetui wheat sown on May 
27 and June 4 was H bushels jier acre, on May 27 and Jnly 
15 was 1 S bushels per acre in favour of the earlier sown (III, 
Covp. 4S). 

The middle of April to the middle of May is given as the 
time for sowing in OupeDsland, the juwisc date depimding on 
the weather (II. Covf. 28). In Npw St»uth Wales May is late 
for sowing and any subs+siuent month is t<K) late to sow to 
es^’-ipe rust (II Conf 32}. In South Australia wheat can- 
not he profitably sown after May, and land sown with wheat 
in June or July would bo more profitably cultivated if laid 
down in some other crop ^11 Conf 50'. 

If, however, ear’v sowing be a goorl general rule, there are ex- 
ceptions to it (TI OoNF 50 ; CoBn, CovTRlB., vol III . p 1S8). 
One danger is thst a lat^ frost mav ]>incli the wheat whi'e in 
bloom (IT roKF 98) Another is that muggy weather may set 
in about the time the wheat of the early sown crop is in flower 
and thus favour the development of rust which the later sown 
might escape or lx* little affected by. Tlius in Victoria in 1889 
whereas early s<iwn c-ops only suffered to the extent of 4 
bushels per acre while late crops los* 8 bushels, in 1887 the j 
oHrlv sown suffered most (II f'oNr. 16). It would appear in- 
deed th^ in nearly all the years given as “ nis^ years ** for 
Australia the early sown woeat suffered badly (IV. Conf. 20), 

On the whole,' however, early sowing ia the aafeet mJe ; bat 
it is mainly of vahie when associated with the selection 
early matoring yarieties (IT. Covr. 16, 88). 
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Mr. Farrer, the great authority on wheat-breeding, insiata 
strongly on the advantages o£ early sowing for oil wheate, 
whether they be late or early o£ maturing. .The influenee 
goes beyond the effect it has in making them ripen eoOner. 
If two wheats, equally liable to rust, be sown, the one an early 
and the other a late varie"--y, and the early variety is sown late, 
while the late variety is town early, Mr. Farreris experience 
leads him to think that although the late*8own early 
variety may ripen before the early-sown late variety, it will be 
more liable to rust than the other (II. Conp. 44!, note). 

§ SB. As might be expected it makes no difference to the 
liability to rust either way, whether the wheat be drilled or 
sown broadcast (II Conp. 19, 51). 

Thin-sowing as opposed to thick is favoured in Australia 
on tbeorotiej and on practical grounds. Newly imported 
thick-growing sorts are apt to Ijc much rusted (II. Coup. 14>), 
as are rank and flaggy crops on rich or virgin soil (II. Comp. 19). 
Any lodged portion of the crop is similarly affected (II. Comp. 
2S). Actual thick-sowing is round by the majority of Austra- 
lian farmers to cause greater liability to rest. This is the ex- 
perience in Victoria (II. Conp. 19i ; in New' South Wales (II. 
Conp. 3* ; III- Conp. lt») ; in South Australia (II. Conp. 49, 
61). In Queensland opinions differ greatly (II Conp. 28). 
Nevertheless there is a preponderance of opinion in favour of 
tliin-BOwing everywhere throughout the t'olonies and it is re- 
commended by the conferences (TI Conp. 28, 80, 82, 51 j III. 
Conp. 1 4 , 20 ; Sub-conp. J. 1 4) . In Queensland a thicker seed- 
ing is recommended in forest land as the soil there is less rich. 

The experience in Canada and in England is the reverse of 
the Australian ; in these countries thick growing crops are less 
rust^ than thin (II. Conp. 7,19). There the peater ooolnees 
due to ventilation may be TOunterbalanoed by the greater 
warmth due to better penetration of the sun’s rays (II. CoMP. 
7). In Australia the thin-growiug crops are ]p<^b1y cooler, 
from the greater evaporation due to better ventilation, than 
thick-growing crop* are. Besides, thick-sown wheat oomes up 
heavy and rank, and the flag exposes a larger surCooe to in- 
nt the same time it renuer* the acoes* of sunshim to 
the flag itnpowiblo, and thus diminishes the reosting vigour of 
the leave* (II- Co»r. 32). For this tvasou, beeidet merely 
sowing the crop thinly, it is advisable to select varietiee of 
sparo habit, upright in growth and lightly 
I & 86. sowing on a dry seed-bed Mr. HcAlpuie 

I in iL summary of rsoommendattons advises thiiai and early 
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Bust end Time of Reaping. 


cut ripe only 33‘3 bushels; this, however, it is admitted, may 
partly be accounted for by accidental variations (III. CoNF. 48). 
^e general farming opinion, in 1891, seemed slightly in 
favour of reaping in the’dough-stage in Victoria (III. Conf. 
18). 

In New South Wales the matter is considered debateable. 
In 1890 (II. Conf. 32), the practice was supposed to be gene- 
rally favoured, because it not only saves w’aste of grain from 
shedding out, but also arrests the* ravages of rust if the crop 
be only slightly dis(>ased. But, to take full advantage of the 
practice, early maturing varieties of wheat must be secured. 

Mr. Farrer (New South Wales), dealing wnth this matter 
at the Second Conference, said that reaping in tlu' dough -stage 
posa('8Bc*8 80 many advantages both for millers and for growers 
that its recommendation is not astonishing. But it is not 
deeirable n1 all timex, and is particularly undesirable in the 
case of grain to Ik* used as seed. Mr. Farreris statements are 
given on the authority of Professor Blount, who finds that, 
when grain is picked in the doi gh-stage, the germinating 
power ie greater and th<‘ growth more vigorous but the 
grain after such an op»'rat)<>n is not xo prvrl for veeA. All 
scc<l-grain should be perfwtly ripe when picket!. No ex- 
planation has been given wdiy seed pickerl in the dough stage 
i-hould grow more vigorously, but for a single season it cer- 
tainly does so ; after that, deterioration is fatal and rapid. 
For milling, on the other hand, it is better to cut in the dough- 
stage, on the principle that gra.^'s is cut before going into seed 
as it is then more nutritious. 

Mr. Farrer is strongly of opinion that much of the dete- 
rioration — the “running out” — that takes place in the 
majority, if not all, tlu “ standard varieties of wheat ran be 
traced to the pmetiec of liarvesting seed while still immature. 
And urges that grain to be used as see*! sbnuld not be 
rea|ied in the dough-stage (II. Conf. 41). This ret'ommenda- 
tion was adopte*! by the Second Conference (TI. Conf, 52), 

In 1891 , however, it appeared that fanning opinion was 
divided ae to the benefit to be got from reaping even the 
mated crop in the dough stag** (ITT. Conf. IBl ; Mr. Farrer, 
moreover, iuaisted that it had now been aatisfaettirily proved 
that it was more profitable to allow wheat to become ripe 
before harvesting it (III. Conf. 36). 

The exfiexitmoe of thirty- three Queenatand famitfa is given 
in oonneetioo with this point. Eleven got good grsin, twelve 
; got yindied and 'shriveled grain, ten got worthless gtnin 
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(II, ('oNF. 28). Mr. Shelton (Queensland) explained that 
as regards maize he had shown by exptndment that in reaping' 
at, all stages of ripeness,— milk-stage, dough-stage, and dead- 
ripe — there is a ’ ''o^ressive inciea-e in yield the later the 
stage ; each day later ‘.hows a difference in favour of the 
result, the total difference fiom earliest t.) latest being one of 
8 bushels yield per aerci Jiwt what seemeil true of maize WM 
not, of necessity, time of wheat (IT. Conf. -ih) ; if reaping in 
the dough-stage be satisfactory, m wheat it is doubly advan- 
tageous, since wheat cut tlun is uiidcistood to give better 
flour (11. CoNP, .38). In any case leaping in the dough- 
stage is to 1)0 rt'toiiimeiided in jirefci'nce to indiscriminate 
cutting as liay lu the uiilk-stagi*, which is a very common 
jiractice in Queensland if nist appears on tht' plant during 
that pt*riod (II. Conf. 3()), and which is sometimes adopted 
in \ictoiia (II Conf. 22) also 

Mr, IngliB (South Australia) instanced a case where some 
wheat cut veiy i^ily had a iiue small gram, wheieas what 
was left in the jiaddook ail went to powdir (II. Conf. 45), 
This eorioboiaWs tho ad\antage claimed for reaping bcfoie 
npom>ss ; on the other hand, Mr. Kelly (South Australia) 
mentionc<l a east' where a held of 400 acres tried by the 
ruaiier did not jiroduce an) gram. Sheep weie, therefoie, 
turned on till, in Jul\ ur August, the plants were allowed to 
grow ; the ultiniaU' result was that tlu,‘ held jieldcd 15 bushels 
ail acre \I1. Conf. .3.1). 

Professor Ijownc has given very interesting and useful 
eiidtnco on this point In 8outh Aimtiaha tlu' stripper is 
largely used, for this reason the wlieat must be jiermitted to be- 
come dead njK* If (ut in the dough-stage the grain shrivels 
less from rust, hut the a<l\ant.ige gaine<l was less tlian might 
have been exjiected, lu ISSM), m hvc cases where equal blocks 
of wheat were laid off m jiairs and one block of each pair was 
cut early and threshed, th.> other of each pair allowed to booome 
dead npe and then stripped, it was found that, in four cases 
out of the flve, more wheat was got from the stripped than 
from the threshed blocks though the sample was about 21b 
per bushel lighter (II. Conf 50). 

Repeating his investigations in 1891, Mr. Lowrie found 
that cutting with the binder in the dough stage land threshing 
afterwards, the ^‘Id was 12 bushels lOlb per sore; cuttiqg 
nine days later tw yield was tl bushels Ji'Ib. The same wheat 
rtrippea gave 10 b ush el s 2blb; the result was, therefore, sightly 
in &Toor of the btnder with suheequeot tbrt^ng, and ali|^y 
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m favour of cutting in the dough-etage. The previous yeaor 
the result was bhghtly in favour ot the stripjier. 

Stiippiug IS m favour in South Australia because tiie yields 
are so hght and threshing is so costly ; if the yield be under 
16 bushels an acre the strippei istbe more economical machine ; 
with higher yields it would be advantageous to use a binder 
and thresher, and thus get straw as well as grain (III. Con?. 
66 ). 

In 1894, the Fourth Conference only recommended the har- 
vesting of rust-infected crops m the early oi dough stage {IV. 
Con?. 48), and the subject is not dealt with in the Committee 
Report of the Fifth Conference. 

§ 88. Keviewing briefly the proposals for the prevention of 
Rust, it may be said that drainage per ee is not a palliative, 
nor is iingation jD^r an excitant; it seems to be on the 
whole advisable to sow in a dry vo^-bed. Rotation of crops 
appears to be advisable for practical reasons as well as on 
theoretical grounds ; a thin crop is advisable in Australia, as 
it probably also is in India, although the experience of cold 
countnes is the reverse to some extent • a comparatively poor 
soil also 18 preferable to a nih oi heavnly manured soil ; thit, 
for the veiy leasons that prevail in Australia, is probably true 
of India also. Tieatment of the soil with special preparations 
18 a mere throwing away of time and money ; the disinfection 
of the seed before sowing and the disinfection of the growing 
crop ai'’ equally valueltss The use of rust-ehnvellea seed is 
not per te a caust' of nist, but it is to be avoided because the 
fact that it IB rust-ahrivcllfid indicates that it belongs to a rust- 
hable stock. The one great i>alliativc is early sowing. 

The reading of wheat before the seed is fully npe yields a 
grain that hnds favour m oeitain markets, but is not a course 
to be adopted at all where the grain is to be used for seed and 
ia not an act to be recommended except in the oaee of a rusted 
crop. 


The most rational treatment is put briefly and clearly by 
Mr. Bayne, Director of Lincoln College, New Zealand (8ob- 
oomr. O. tSi)* — t lean culture, judicious rotations, fallf*w- 
tng of lands, sowing early, and selecting aocredited mst- 
waiirtin g vanetaw of a‘ed. '^e last reoomm^idation is that 
trhidi ia moat hopeful, since it attempts to eliminate the Bwitor 
of mherrat auaoeptibihty. The history of the efforts of Ant- 
Wahan wheat growers in this direction fonns the enbjeet of 
I the oonehiding dapter. 

T.ras. 
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Chaptbb IV.— rust-avoidance. 


§.S9. At the Second Conferenee Mr. Farrer (New South toVSl*' 
Wales) expressed th<^ j:;;^mon that the best method of com- ^ 
batting rust 's to secure oi create resistant varieties with the 
characters demanded bj'' the special requirements of ATistralia> 
and possessing, togeth«^ wim high milling qualities, such 
powers of resistance to tlie peat as to give them value on that 
account (II Conv. 8i*). 

J 41 ). That cei tain wheats, undoi what appear to be identical '^^*i*** 
conditions, escape rust m particulai' seasons and in parti- 
cular localities is well known, and the selection of these wmeats 
is strongly recommended (I. Conv. 48; II. CoNF. 2)J, 89; 

SiB-coNr. J. 22; O 49 1) 

It IS said that practically niet-proof wheats exist in the 
Bombay Presidency, and in Japan also it is said that practi- 
cally no nist exists. A set of wheats have been evolved in 
Japan that do not exceed 20 — ~ 4 inches in height, with straw 
so stifE ami strong as to stand the severest storms These stiff 
strong-stemmed sorts are just the kinds likely to resist rust. 

It is, Mr. Shelton (Queensland) thinks, not improbable that 
rusty regions may have become practically mstless by the 
selection of rust<frec kinds. For Jnjian, at least, with its 
pi^tioe of irrigation and its free use ot nitrogenous manures, 
with its mild climate and its excessive humioity, the climate 
and conditions are all those that are most ftivourable otherwise 
to the development of rust (III (lowr. 62). 

However, the eseape of a wheat from rust in one season is 
no proof that it is rost-resisting (II. Coar. 86,50). Many 
wheats also that seem niat-resistant in one locality &11 victims 
to it in another ; e.ff., a whi.>at that is rost-proof m a mari- 
tUne district may be badly ruBt4<d inland, and vteg ver$d 
(11. CoHF. 9 ; 111. CoMF. 86), and it is admitted that such a 
thing as a rust-proof wheat doi-s ik)t exist (II CoNF. 80 ; 111. 

CoifF. 22, 28; SuB-coNF. L. 15). 

§ 41 The question has arisen whether it is advisable to sow Praaf sfalssl 
a wheat that has the reputation of being able to resist or escape "****r*** 
rust, or to presume that the season is not to be a rusty one **"* 

and to sow a wheat that, though notoriously subject to met, 
pnniHie other qualitiee that render it the more deeirable 
of the two. 

^ae, freedom from rust and proU6o yielding ate eaid 
to go together, and if the two qoa)itiee are found to 
he inaiMnpatible, one Vietoria ddegate urges that the latter 
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quality must be preferred. It is better to run the risk of an 
occasional bad year than to always have a meagre outturn. 
If they are not incompatible, and the evidence advanced does 
not go to prove incompatibility, it is open to select from, and 
improve upon, tried rust-resisting varieties, or to select from 
known prolific yielders rusi-resisting strains (II.CoNr. 9j. 

Mr. Shelton (Queensland), however, strongly deprecated 
the cultivation of risky sorts that fetched a penny or so per 
bushel more when there were many varieties in existence better 
able to withstand rust (II. Conf. 4*5). A South Australian 
delegate, too, was ot opinion that farmers should always grow 
a projiortion of these rusl-resistunt wheats to avoid a total 
collapse of the wheat crop in an^ jear (IL CJonf. 5Uj. In any 
case it is admitted that s^its which are poor yielders in one 
district are prolific in another (II. Conf. 9). 

§4i. I'lom the point of view of their resistance to rust 
Dr, Cobb gives the loilowing classification of wheals : — 

(1) hu 9 {- proof H /icat . — A wheat tliat will not permit 
the mycelium of any rust to enter uiid feed on its 
tissues. iSosuch vvheat is knowui to exist, but the 
term is convenient for pur]K>Bes of coinpanson. 

(«) Hu»(~rtsis‘an' H heat . — A wheat chat uuclur wiidi- 
tioiiB fuvouiable to itt growth rebibth at all boabons 
of the year the entrance of the rust-myeeliuin into 
i(« Ubsueb, or if the niycelium of rust has found 
admibsion, reaibls itb subbey uent growth and de- 
wlopment. A r.omhcr of such wheatb are known, 
and from this class selection of existing or creation 
I of new varieties bhuuid take place. 

I (S) liv»t~itable If' heat. — A wheat the opposite of rust- 

! resibtaut. Most wheats are of this class ; and 

‘ should be avoided or, it retained, haideneu by moss- 

bretxiing with rust- resistant kinds. 

(*) limtt-etcaping Wheat , — A wheat that, if sown at 
tlie prosier tune, matures its gram so quickly as to 
be ready for bai'vest before Uk rust of an ordinary 
* season can prevent a jiayuig crop ^lll. Coar. kSj. 

^43. One of the leading ciiaracters of rust-resistant wheats 
is that of ripening early, and this u> oonsequentiv given as a 
oharaotsr to be attended to (11 i^ur. tb, oU ; lil. ^oar. *b). 
However, the earliest wheats are apt to " shell,'* and this is a 
featoie that most be ehmioated by leisotion fiom any Ridk 
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wheat, adopted as a rust-resisting or rust-esoaping sort (III. 
('oMP. 38) ; the chafE should hold the grain tirmly and well 
(III. CoNP 36). According to Mr. F^rer, ‘wOO, early maturity 
does not of itself ^’^ ible a wheat to resist contagion ; all it does 
is to ensure tliat it is I'eyond the susceptible st^e before con- 
tagion is abroad (II. Conk. 43). Many of the varieties reputed 
to be rust-resistmg (ive nothing of the kind ; they are only 
early -maturing kinds that therefore often escape. If suon 
kinds chanoe to lx‘ late, or if rusty weather conies on early, they 
aie invariably affocted (11 Conp 43). It is even found that a 
rust- resisting wheat may (just like a rust-escaping one) suc- 
cumb to rust if subji etoil to unfavourable conditions ; for 
example, such kinds, though normally free from rust, may be 
just as rusty as their neighbours if *' lodged” and smothertid 
(III. Co\F. o7). Therefore, though earliness is always a pro- 
|>erty to be lumixl at aiul is desirable in all kinds of wheat, it is 
not in itself 8uflici«*nt to ensure safety. Besides, farmers are 
not always able t-o sow early (I. CoNP. 43; II. Coar, 48) and 
an early wheat, if sown late, is often just as liable as another 
kind. 

§ 44. One advantage of early sowing is that it often leads in 
northern districts to the escape of the wheat from the hot dry 
winds that sonietinu'S pinch the ^raiii as much as rust does. 
On the other liand, early sowing often expises the wheat in 
<dld and lab‘ distm-ts U) spring frosts at the time the plants 
are in bliKun (II. Conp. 43), .md it is even said tliat for Victoria 
one of the essintial characters of a good rariety of wheat must 
be tliat it IB u frost-resisting one. 

§45. Ked wheats and w'heats with hard, flinty or wiry 
straw and Imrd grain suffer least (II. (’oNP. 32,36, 60), and in 
spite of the fact that tliey are not so desirable for milling pur- 
poses, they should lx- grown and improved upon. Inaeed, 
Mr. Fairer insists tliat liard grain, wliioh is in correlation with 
the hard flinty straw, is far from undesirable. Such wheat can 
be effectively dealt with by roUer mills ; it is rich in gluten ; 
the bran is often veiy thin, and it is much less liable to weevil. 
For the reasons stated, indeed, hardness might be considered 
essential (II. CoMr. 43). 

Mr. Shelton (Queensland), in support of Mr. FarreHs 
contention, points out that the wheats sent from the north* 
west of America to feed Europe are small, hard, red iHieatt 
that a Queensland farmer would despise. Indeed, when good 
rigorous rust-resisting varieties of the kind are grown in 
Queensland, the millere out tibeee down 2 d. to Ad. a baAd M 
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ooznpared with white wheats. Yet these hard, red wheats 
yield the very best flour, superior in nutritive qualities to any- 
thing yielded by white wheats. All that is required is suit- 
able machinerj' to mill and unprejudiced farmers to grow 
wheats of the kind (II. Conf. 45). 

The South Australian delegates, however, appeared 
to appreciate more keenly the disadvantages of l>ad milling 
properties (II. Conf. 4S, 50). It is admitted that in 1890 of 
100 sorts experimentally grown, only one variety was quite 
free from rust — an African wheat with large flinty grain and 
solid straw ; this, however, was no sufficient reason for suppos- 
ing it absolutely rust-resisting. These bad milling kinds should 
be avoided if better are available, and Mr. Fai’rer includes the 
possession of high milling qualities as essential in any variety 
secured or created (II. Conf. 39). Indeed, eib Mr. Farrei’ 
admits, rust-resisting wheats have come to be looked on 
with suspicion in Australia, because of their bad milling pro- 
perties. The association is, he thinks, altogether accidental ; 
almost all the varieties of high i-ust-resisting jiower are of hot- 
countiy origin, and in the countries where these resisting 
varieties have been evolved, milling qualities have not been an 
object of search (II. Conf. 43). It is, however, insisted that 
rust-resistance is not confined to hard wheats (111. Conf, 68; 
IV. Conf. 11). Indeed when wheats are classified in the 
ordinary commercial fashion into hard and soft, red and 
white, so that one gets four main groups ; — 

(1) Soft pale-straw coloured, 

{%) hard yellow, 

(3) soft pale-red, and 

(4) hard dark-red wheats, 

with, of oourae, intermediates, it beoomes apparent that there 
aie rast-reuating varieties in each the closes and, of the 
Victorian kinds, 3 out of 4 to which top-prices were assigned, 
weM nut-reeisting varieties (III. Conf. 58, 59). One delegate 
even oontotds that wheats which are soft in one plaoe axe bud 
in another (IV. Conf. 11). 

^ iO. It is feoommended that wheats selected should be 
those that are not too luxuriant of growth and that have 
littb 6ag (11. Oovr. 3%) ; varieties of vigorous mwth are 
^ soitm te Axutamlia (U. Conf. 43). Brades 1m gnater 
ri^ of nut nUndad to in a pravions ohapter, this hwt of 
vigorons gcawtii and '* fsss tillatiBg'' is sjwooiated, in Ansta a H a 
I at all ovenli, with tha hahit of not properly filling thrir ears, 
jlha fai^ eawas to ha aatmml to oertam of theas aa n stia a . 
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The e:y)lanatioii perhaps is that the strength of the plant is 
Iai‘gely used up in the formation (f extra, stiaw and leaves^ 
and they have nrH onfficient vital power left for the formation 
of good grain. The Austrahan experience is that what are 
termed “improved English’' vaiieties are most at fault in 
this respect. They have been selected for a moist soil, well 
furnished with plant*food in the shape, directly or indirectly, of 
manure, which thus affords food enough for many stems and 
their grain. In Australia, where the soil is poorer from 
constant cropping and where, even if manured, it is, from the 
dryness, not m a condition to give up the food even if manur- 
ing were otherwise economical or practicable, such a variety 
is to be avoided. This doubtless explains how the varieties 
most productive in England are the least satisfactoiy in 
Aiistialia. Having been improved in the matter of foliage so 
as to increase the leaf-surface exposed to sunshine and favour- 
able to evaporation they are left with relatively insufficient 
root-force for food-collection in the poorer and drier Australian 
conditions (IV. Conf. 17, ISj. To judge by the account 
given of their c'olture (IV. Conp. 27), this is the case with 
“ improved Swedish " vanetics also, and to judge by the 
detailed table accompanying the Report on their cultivation 
by the Commissioner of Settlements and Agriculture, Central 
Provinces, the same is to some extent true of “improved 
Australian " varieties in India. 


An exception to the objection against vigorous growth 
mwt be made, Mr. Fairer says, in favour of all the strains of 
“ Hard ” {Triticum. durum) , and also of some of the strains of 
“ Poulard " (Tri/icttw /ttryit/ww) wheat. The“Durum8" in 
TMuiacular are very resistant and have very wiry straw ; the 
“ Poulards " have the same characteristics but less markedly : 
both mill very badly. 

Except “ Durums " and “ Poulards *’ and one or two 
varieties with Durum or Poulard blood, all rust-resistant 
wheats are of moderate or dwarf habit. This habit, 
Mr. Fairer thinks, may have been naturally acquired in hot 
ooontries by the weeing out of vigorous young plants from 
aspoenre to rust. The more scanty the fohaj^, the mora 
sshoon there is in the emdermis and the more rust-resistant is 
tba variety. Besides, awaif wheats are often more productive 
(II. CoHV. 48). 

( 47. Mr. MoAIpine found bald wheats laigety Qie 
majcfify as npods rust-resisting power (Sdb^ki. Is 1|}* 
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These wheats are advantageous to grow in any case on account 
of the greater ease with which they may be thrashed, 

$ 4S, Wheats selected should have leaves of stiff, erect 
habit so as to prevent spores from lodging on the surface 
(III. CoNP. 33, 35). Dr. Cobb further would have the leaves 
narrow for the same reason and, indeed, would like to see the 
flag bred off the wheat altogether, letting it rely for nutrition 
on the sheath alone (III. Conp. 33). To Mr. Farrer this 
suggestion does not appeal ; he fears too great narrowness of 
leaf must be incompatible with high productiveness, and therefore 
would not like to see the flag eliminated (III. Conv. 35), 

§ 49. But the nature of the flag as to uprightness or nar- 
' rowness is of little moment as these characters only tend to dis- 
I courage the settlement of spores. The chief character to seek 
I for is a tough cuticle such as accompanies a flinty straw (III. 
CoNP. 33, 85 ; Scb-conp. L. ‘23). The question of trying to 
breed a wheat with stomata too small to admit the entrance 
of rust has lieen raised (II. Conk. 36; III. Conf. 3'2), but 
in Dr. CobVs opinion the truly rust-resisting wheat would be 
one that, though it lets rust in does not let it come out again, 
as is the cast' with the red -skinned hard-stemmed varieties 
(II. Conf. 86). This does not postulate for these varieties a 
constitutional ability to resist rust, it merely implies that the 
cuticle, supposing the fungus has got inside the leaf, prevents 
it from bursting through and forming sort (III. Conp. 35). 

Glabrous wheats apj)ear to be most affected by rust, and 
Dr. Cobb therefore suggests the cultivation of hairy varieties ; 

I the hairs probably help to prevent the contact of spores with 
I the epidermis of the plant (II. Conf. 32 ; III. Conf. 36). 
i § 50, Glaucous wheats, or wheats with the leaves covered 
I bv a thick waxy bloom, should be selected (III. Conf. 38,35). 

' ifhe comparative freedom from rust enjoyed by such wheats 
I was first noticed by Dr. Bancroft in 18o8 (III. Conf. 67). 

I The waxy bloom assists in two Ways ; it reduces the size of the 
stomata, or breathing-pores of the leaf, thus rendering the en- 
trance of rust more dimcult even if spores settle on the leaves ; 
it, moreover, renders it difficult for moisture and therefore for 
spores to rest on the surface of the leaves at all (11. Conf. 
86). Mr. Me Alpine, however, while agreeing in the ab> 
stOMit with this view, points out that if the bloom does not 
appear till after the entrance of the spores, it can do no good. 
He finds that some glanoous wheats are anything but free 
from rust, while some rost-free wheats are ontv moderately 
gUnoous (SuB-ooKF* L. iS), A year later, however, Mr. 
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McAlpine came to somewhat different conclnsions. Gene- 
rally speakinp those plants which were very Alaucous were net 
80 mnch attackt'd by rust. On the other hand, those that 
e'cre absolutely fjce u ere only moderately glaucous. The 
general opinion of farmers, who are often right in these mat- 
ters, is that glaucousness is a sign of weakness in a plant. 
It is, however, a question how far the farmer mistakes for 
glaucousness a pallor due to want of moisture. Mr. Shelton, 
no doubt correctly, expresses liis l)elief that the blue tinge 
taken by the farmer for glaucousness often has nothing to 
do with that character (IV. Conf 29). 

The only difference of opinion between Dr. Cobb and 
Mr. Farter would appear to be that, wdiile both consider earli- 
ness the first essential, !Mr Farier would look on glaucous- 
ness as the leading physical character to select, Dr. Cobb 
would primarily select a toughened cuticle. 

§51. Besides the characters so far described, there should 
be an attempt to sehet and increase the indefinite quality of 
“ constitutional resisting power.'* This can be done by the 
perpetuation of certain old varieties and by the breeding of 
new ones (IT. Conf. 44 ; ITT. Conf. H6). These rust-resisting 
varieties are more likely to be got from young than from old 
varieties. Such varieties may be obtained by picking out of 
rusty crops phints that arc entirely clean. 

§52. Merc selection of 6e<‘d from clean or slightly affected 
plants could at the outside only give b>mporary rcBults which 
would continue only so long as equal care is taken in selecting, 
and could at the outside only product* resistant strains of 
known varieties. But the resisting quality must soon dis- 
appear under continued cultivation. A quality given to a 
variety by this kind of selection can only be fixed by cross- 
breeding, so as to make it a normal characteristic of a fixed 
variety (III. Conf, 44). In fixing such types it would proba- 
bly be necessary, as in the case of cattle, to intercross three 
breeds (11. Conf. 47). It is suggested that wheats are weak- 
ened by continuous cultivation (II. Conf. 48). 

It is of course always possible that a variety so elaborated 
may only be resistant to one kind of rust. M'heats that seem 
naturally rust-proof against one often succumb to another, 
and wheats that have obtained a good reputation and have 
snddenly been found to fail, may really have had the power of 
tesisting one rust, but may have on the occasion of thor huluie 
been attacked by a different one. It is thus needful to have 
farmers distinguiab, rf possible, between one nut and another, 
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and when they report the faet that a variety has failed, to ho 
able to say which rust did the harm (III. Conf. 44) . 

Changes in character of varieties of wheat are continually 
going on. This is well instanced in Australia by the fact that 
formerly, when hand-reaping prevailed, the object was to grow 
wheats that ripened gradually — now that reapers and strippers 
are used the object is to have only evenly ripening kinds 
(II. CoNP. 48). 

§ 68. In selecting wheats that are rust-resisting there 
may be other faults. They may have poor heads giving a poor 
outturn, or they may have bearded heads causing difficulty 
to thresh and clean ; they may have thin and loose chaff and 
thus not hold the grain, a grave fault if the grain has to be 
harvested in a state of dead ripeness ; this point has been 
already alluded to. Then the cuticle may be hard but the 
straw be brittle and weak, a grave fault if the crop is liable 
to be exposed to M^orms or heavy rain. The habit of sucker- 
ing from the root and of having tillering shoots spreading 
horizontally is also to he avoided ; the former character leads 
to uuevra ripening of the crop ; the latter renders it liable to 
the same objection as hrittlenc-s with reference to storms, and 
in any case gives a crop that does not stand up well before the 
reaper or stripper (II. Conf. 44 ; III. Conf. 35). 

Another point to be ascertained in selecting seed is that 
the sparenees of habit, a character otherwise indicative of a 
rust-resistant variety, be not due to constitutional weakness, 
and it must, moreover, be noted whether the escape from rust 
has not been due to mere unhealthine>>8 on the part of the 
plant and to its consequent inability to harbour and nourish the 
parasite. Such plants are not uncommon ; they are betrayed 
by thedr p&nohed ears (111. Coxf. 86). 

One of the characters that militate against any variety oi 
wheat is the pni session of a thick skin and the production of 
much bran (11. ('onf. 4H) It should therefore, in selecting 
varieties, be an object to seoure a thin-branned grain, loi\g 
rather than shoct or round, small or medium rather than 
large, with a shallow orease and a rounded Imt not too pro- 
sainant germ ; a deep furrow U very obiectioimble as it 
inersasen the amount of bran and harbours dirt, a prominent 
gwm gats injured in thrashing (II Conf. 44). Ihe colour 
w the grain is immaterial as that is wholly a question of ihe 
bran j as it happens, however, Mr. Tarrer oonsiders red 
whmte beat for rnilHog. He also advocates the selection of 
<mi^ hwd wheats writh a semi-transparent gbstiiunis grain of 
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fine texture, on the gronnd that they are most nutritious. 
This is no doubt true, but the int^reetei " dealer and the 
ignorant consumer will probably long insist on the coltiya- 
tion of the oom^?Atively worthless stitfchy wheats. 

Exposure to rain after lipenmg is, even in the unreaped 
wheat, apt to induce sprouting This is much diminish^ed 
in wheats that ripeu with drooping heads and that have a 
cloee-lying diaif. Such sorts should be selected on thie 
account alone ; incidentally too it is to be noted that the 
closer the chaff lies the thinner is the bran (III. Cont. 44*). 

Stih another character that calls for attention in selecling 
wheats is the strength of the flour obtained This, from many 
points of view is of the highest importance. When we say that 
the strength of a wheat=fiO we mean that, converted into 
flour, a sack (iOUlbs.) of this flour will absorb 60 quarts of 
water in making a dough fit for baking; if the strength 18=46 
then a Back(i001bs.) of the floor will absorb only 45 quarts of 
water While only SOlilbs. of dough fit for baking can be 
made from a sack (2iil lbs.) of Vermont wheat with strength 
=:40‘6, as much as SAh^lbs cau be made from the same 
quantity of a variety bred by Mr Fairer which has a strength 
=67'4. Assuming — though this assumption is probably only 
approximately correct — that Slbs of dough go to make 4|Ibs, 
of bread, a sack of Vermont flour will only make t71i1bs. of 
bread as against SSl^lbs. of bread — a difference of 60 J lbs.— 
made from the other. 'Hiib quality, like all other quahtias, 
can he increased by selection and rendered stable by crosa* 
breeding (SoB-ooNr. H. 1, 6). 

The quality depends ( I ) oQ the amount of gluten the grain 
contains, and (2) the jiroportion in which oonatitnent glutens — 
glntenin and gliadin — are associated in the gluten, llie 
ghiten-content does not by itself exhiWt the strength of the 
flour, and the determination of the glutenin and gl^in ia a 
tedious process. It is therefore best, Mr. Farrer thinks, from 
the practical standpoint, to actually mill a weighed quantity 
of grain, wogfa the resulting mill prodnets^flonr, pollaid and 
bn^ and then make a given quantity— not less than*10fbs — 
of the flonr into bread, noting the exact amount of water the 
floor takes up in being made into dough and weighing the 
hakedbiead. The flour used must, of course, be the 'straight* 
flour made from the wheat, not flour that has been diviribd 
into different grades. A small roller^iH, eapidile of ^ de a ling 
ao email a quenti^ ee i (libs, of grmiL has been invenkea { 
by Frof. Maerdcer of Halle. It is mantniadinfiBd by QaBaj 
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& Co. of Buda-Pesth at a cost of £50, and is recommended 
by Mr. Parrer as a useful possession for an Agricultural 
Department (Sub-conf. H. 7). 

Another quality capable of increase by selection is that di 
withstanding the effects of heat and drought. In seasons of 
great dryness and scanty rainfall, among heads that ai’e 
mostly pinched and shrivelled some will be found with 
plump grains Such grains should be harvested carefully and 
sown in soil especially liable to become dry quickly. In this 
way, Mr. Farrer thinks, it is possible that strains may be 
developed which rniylit prevent droughts from being so 
disastrous as they are in India (>ub-conf. H. 5). 

liet another quality to be attended to in selection is that 
of good flavour in the grain. Wheat-buyers in Australia 
attach much importance to the quality. There is every 
leason, Mr. Farrer thinks, to suppose that this is also an in- 
herited quality. To possess good flavour grain has to be ‘ well- 
gi'own’ ; pinched or defective grains never possess it. The 
estimate can only be made by biting and tasting. The point 
is probably one that is worthy of attention in India, since 
Mr. Farrer says that, though there are exceptions, Indian 
wheats are rather deficient in flavour (Svb-conf II. 5). 

§54'. A detaiknl account of Mr. Farrer's method of 
applying the principles laid down in this chapter is contained 
in a report read by him at the Fourth Inter-Colonial Wheat 
Conference (lY. Conf. 14). The portion of the beport that 
deBoribes Mr. Farrer's practice being too technical for con- 
densation is given in full as an apjiendix (Appendix B, 
i. p. 7S) which should be carefully studied by all who undertake 
wheat-growing experiments in India. In a recent letter 
(August J897) to the Secretary to the (iovernment of India, 
Department of Revenue and Agriculture, Mr. Farrer has 
added certain hints especially applicable to India ; these 
are also given in full. (Appendjx B, ii. p. 88), and should be 
equally oarefully attended to. 

§ 65. At the various Conferences many different varieties 
have been mentioned and recommended as mst-resii-tant, while 
others have been similarly recommended in Inter-Conference 
publicationa. These, it is needless to say, hare in many cases 
ultimately pro\’ed susceptible to one or oUter rust in one or 
other «f the Ci>lonies, and it is significant that the number 
of varieties recommended as “ Rust- Resisting ** at the Fifth 
Conference held last year (Appbndix C. v.), even with limit- 
ations as to districts, is no greater than twelve. Five others 
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are recommended ae “ Rust-Escaping/'’ two more as “ Piulific 
and Moderately Resistant.'^ 

§ r»6. The expeihwe of Autitrahan farmers with Indian 
wheats has been very favoiirab'e in (iueeusland (Sub-conf. J. 
19, 2.^ ; K. 23), bu3 lA'ry poor in Victoria (Sub-conf. L. 18) 
And the eij>enen(‘e with Australian wheats in India has beAi 
bo far unsatisfactory. It is quite true, as* the Commissioner 
for Settlements and Agriculture, ( entral Provinces, in his 
Jie/)orf on ‘he Cultiraiion of Australian Cross-bred U heat* 
say=:, that the expeiience of on' year is quite insufficient 
ujKin which to base an opinion as to the rust resistant pro- 
perties of these \arietifs/’ EiV the same officer write® 
equally justly when he points out that “ it is significant 
that rust appealed in these plants when thei’e w.is not a trace 
of it elsewhere in the farm ” 

§57. Tno opinion of ih* Director of Land Records and 
Agriculture, Romhay, is quoted as questioning whether there 
IS any use in attcnijiting the giowth of foreigir wheats, and as 
considering that the Indian varieties supply ample material 
for inipioveraeut {AgncuU, Ledger^ 1^595, u, 20, p. 71). 
With the liitter o])mion the Uejioiter on Economic Products 
exjiresses his entiie agreement, and very justly so. The 
writer is inclined to agiee also with the fiist opinion. 

The Chiet Commissioner of the Cential Provinces points 
out how within his government there are at least two 
varieties, mu”dta, pui and bansi, that have a reputation for rust- 
lesistance (Ii'esol. on Her, Admin., C. P., lS9l-95, p. 4) j there 
is a variety in the Western Deccan, bahsfn, with the same 
reputation (III. Conp. 62), and in Bengal there is a variety 
t/idght iso-nami-d fiom its ruiemng so early as the month 
of Mfigh), that has been found, as a matter of fact, to escape 
rust Vf-ry markedly in the midst of the most unfavourable con- 
ditions. There is ample m.iterial ready to hand foPexperiment 
and action on the lines indicated by the Australian experts. 

Everything in the evidence afforded by the Australian 
literature shows that even within Australia the experiments 
have required to be local, and tliat favourable results have, as 
a rule, only been obtained for limited areas That this is just 
as likely to be true of India neids no demonstration, and in 
the writer's opinion eijieriments with imported wheat are to 
be deprecated not so much because, in the light of previous 
experience and from the nature of the case, they ue 
likely to be fulores as because they absorb time and attention 
that might be much more profitably bestowed in selecting 
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and creatinp' suitable varieties from native stocks. To 
introduce foreip'n •wheats in order to attempt by intercrossing 
to impart to Indian wheats desirable qualities that these 
foreign wheats possess and that no Indian wheat exhibits is 
of course both logical and advisable ; the introduction of 
foreign varieties, however desirable these may be in themselves, 
with a view to establishing them in India, is, so far as all the 
evidence available goes, a waste of endeavour. In any case, 
care must be taken to conduct all experimental cultures in- 
telligently, whether the subject of the experiment be an 
Indian or an imported wlieat. Merely to sow a series of 
samples for the sake of adding, at the end of the season, one 
more paper to a G-overnment file in the shape of a record of 
the immunity from rust, or otherwise, of each, is to mistake 
the object of work of this kind and implies the loss of an 
opportunity. 

The latest evidence from Europe (Appbndix A) con- 
firms the conclusion of Australian workers, that only by the 
selection and creation of new and rust-resisting varieties of 
wheat can loss from rust be hoped to be lessened. A perusal 
of Mr. Farrer’s account of his methods (Apprndix B) 
will show how much more is involved in the process of select- 
ing and fixing ty|)e.s, thjin a mere record of the observations 
of a season and the preparation of a rejiort at its close. 
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Tbe Pebsbnt Position of thb RrsT-PsoBLiM. [ Jabob Ebiksson : 

Dkb heutioe Stand deb Getbeidebostfbagi.] 

'translated from Bericht. der deutAOh^;i botaniechen Gesellflohaft 
Jahrg 1897 Bd XY , Heft 8, s. 188-194 

Fo» now more than SIX years a continued invostigataon of the msts 
destructive to our cereal ci-ops has been ciimed on at the experimental 
farm of the Ro>al Swedish Academy of Sciences. Results of this inves- 
tigation have been published in \arioa8 places but it is impossible to 
judge from these publications what the actual oonditun of tlio cereal- 
rust problem is, since there are some ver\ important points, such as the 
spread of rust tro n one pi mt to another and the effects of rust on the 
qualit> of 8^ed regarding whi'h little oi i ining has been said in the 
liteiatuie hithtrt > published The con inued and ixliauative examina- 
tion of these two matters of detail is at l^^ngth sufficiently advanced to 
permit of the pubheatun of certain paiticulars 

In the pages that follow an atten)]rt ^ill be made, partly as supple* 
menting already well-knoan rpsultn, partly too and indeed pniioipally 
as the outcome of experiooce hitherto unpublished, to answer the prac- 
tical question — 

“ Has the position of the cereal rust problem been in any wav 
altered as *he result of the researches earned on so f »r, and if it 
bas been altered, what has the change been P 

Among the more important results of this research the following 
may be first alluied to It was ft rrii or! v supposed that our four oorninon 
cc eali were affected bv 3 — 4 sp<oicH of rust-fungus One of these 
Bpt«ips, Pucctnia graminis Pers , was supposed to appear on all four 
C4 reals, another, P ruhiq j-vera DC, was thought to be confined to 
rjeand to wheat, a third, P. coronata Cortia, was considered peculiar 
to oaU , and a fourth, P simvlex Koke (also known as P anomala 
Koetr , and usually dealt with as a inera variety of P rutng(M>era) 
WJ 0 supposed to be similarly confined to barley It was further imagined 
that all the cereals and grasses which bear one particular kind of rust 
are capable of infecting each other This belief led naturally to the 

* J ErikttfOD nod F UeDoUa. Z>ir Otirtidsrotf* iAr« Q$*cluo\it und ITatur #o«v« 
g*g*n dt«§sll>4n HUKknolm ISSQ —J l7«Avr Bytctalififung da 

Fi»ra$ui$muM btt dm O etretJ4rvttpi /04m d Dfutveb Bot. Ge* IM, ■ 2S2 -8tl) j 

da roerd^ntmg der FtiMSPartmtmimmwg dureA JS^a4/t0 (C^ot BI. fQr BJict und Psr 
Kond*. Abi. t, 1«U6. Bd 1 N, 16-16) /i# dt4 vrrjrAwd'Vc IF»dtfrtr«fi^a«A«^A dvr 

ff ' M i» 0 or € 0 m 00^00 eomstmU od^r nitktf (Zsitsebr fflr Pfi KrsnabM iSCf, S. 

ISw— aOO) , WAdu Qrm0aH4'n h>0n»4n da Hts0 wtit Boit {lUd , IMj^ 

f.lSe— >lf7), Nmi« V 0Ur0Ut,iimmff0n %0ht!r d%0 8f0et^a%rumg Verbrrt^itag H0rknmfi 

dsd Smk m mn rm gia (PuecinU msOlolt Pvrt,) (JAhrb fur wirsvoveb Hot IM« • SSir— 
SSAr , W«i«4v JBovfvrSM s#ri# 0 vrMt di 0 ausirmlaekm ' (Zvilfabr fttr Pfl* 

KrUkhlMSUa, isss, ». 141 — 146 ) , Biudim dsn Htmmhwm m rovi dnr NvrSvrito# 

( pascittU arrimtert JTiv* ) (Coho's BsHr. z Bloh d Pfl Bd S„ t, , Vw 

iwaU 9i fimtmaUpu ds ssrfawMS Vf^dindm (Coeipt r»iid« ISCT, Iwr Mars «) ) 
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conclusion that the origin of rust on cereal crops must be mainly attri- 
buted to its spread from adjacent rusted plants, particularly in the case 
of P. graminis which affects not only our four cereal crops but a whole 
host of ditch-, meadow- and forest -grasses in addition. 

Our ideas regarding this subject must now be altered. It has been 
shown that, even if we deal only with our four cereal crops, we have to 
enumerate no fewer than ten sorts of rust, referable to five so-oalled 
“ species.*' Thus — 


of Blaok-rust {Puccinia graminis) we have — 

(1) a form on rye and barley ; 

(2) a form on oats, and 

(8) a form on wheat : 

of Brown-rust (Puccinia dispersa) we have — 

(4) a form on rye, and 

(5) a form on wheat : 

of Yellow-rnst (Puccinia glumarum) we have — 

(6) a form on rye ; 

(7) a form on wheat, and 

(8) a form on barley ; 

of Pigmy-rust (Puccinia simplex) we have— ^ 

(9) a form on barley : lastly, 

of Crown -rust ( P«oo/?7 /a coronala) we have — 


(10) a form on oats. 

Biioh of these ten forms as are attributed to one and the same 
species cannot be distinguished by structural or by metric character-* ; 
yet one does not doubt that they differ essentially. The difference i» 
displayed in the fact that each form is exclusively limited to some 
special cereal and is incapable of infecting any but this particular one. 
Oats infected with blaok-rust can only spread this bbick-ruston oats ; 
rye bearing brown-rust can only infect r>e, and so on. The sole 
exceptions to this are rye and barley bearing blaok-rust, which are then 
mutually infective, and to a eertniii extent also wheat with blHck-rust 
which, in rare instances, is capable of imparting the disease to rye 
and barley. 

Of the ten known forms of rust moreover there are bnt two— both 
of them referred to blaok-rust, viz,, forma ** sec alisf common to rye 
and barley and forma ** aoenaef peculiar to oats — that are capable of 
^pearing on other grasses ; the former may affect Triticum repens, 
T. oaninumt Elgmus arenarius, Bromus secalinus, Hordeumjubatum, 
etc.; the Utter may occur on Dactglis glomerata, Alopecurus jpraienHs^ 
MUimm effusmm, Aocik] elatior, A. sterilis, eio. TUe remaining eight 
are abeolutel^ exolneively limited to the special cereals that constitute 
their reepeotive boeta. 

At a reenlt of this new experience we are still free to enppooe, 
when endeavouring to traoe the source of a cereal-rust, that rye or 
barley may have become dieeased by mutual infeotion or by infection 
from neighwuriDg rusted couch-gnas, and aimilaiiy that oats may have 
bM infeed ^ meted plants of Daetjflis, Alf^cwms, tie. As regards 
the Temaining eigiit forms of rust it is, bowever, nselea to eaek for 
their origin among the neighbouring g rsi ee e . 
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There may be some who, knowing that rust on o^its can appear in 
oonseqnenoe of infection from speoimens such wide-spread grasses 
as Dactylis^ Afopecurns,^ etc., when they happen to carry black-rust, 
will imraediatply that this explains the great prevalence of 

black-rust on oats at the present time. Such a conolusion would, howiJ^^er, 
be rash. 

Were neighbouring rusbed-plants tlie chief sonroo of the disease, 
then rye and barlev should hIho he ooinmonly affected by black-rust 
since both these cereals are capable of infection from couch-grass, which 
is jiri almost constant denizen of the edges of our fields and is of all 
wild-graeses tlie one most commonly affected by hlaok-rust. Experience 
shows however tliat, on r\e, black-rnst is neither so common nor so 
destructive as it is on oats, and that oii harlev black-rust is quite rare. 

Nor is this all. Only last a niim]>er of obHervatiuns were made 
which indicated that there may be hut a trilling spread of the rust- 
pest even incases \jrhc re one would have expected its wide exteMsion. 

One sucli observation, relating to the spread of hlaok^nist from couch- i 
grass to barlevt may be particularly mentioned. On an open path in the 
experimental farm nnmiug past the exf»erimental plots, a few plants of 
couch-grass just beginning to shoot up at the cominenoement of June 
1^^94, were permitted to remain untouched, in order to admit of observa- 
tions being made on the onset and dcvelopTiient of black-rust upon them. 
Alongside this ])ath with couch-grac^h on it lay an experimental plot under 
barley. On 8rd July the first spots of hlack-rust showed themselves on 
the leaf-sheaths of a plant of couch-grass ; by 13th July many uredo- 
pustules were pi-esent, 

Od both dates inentioned the barley -plot, wdiioh by the 13th July 
ha^^l coine into ear, did not, in s[dte of the closest possible search being 
made, show a single s|K)t of rust. Twenfr days later even, on 2nd , 
August, when the leaf-sheaths of the couch^gra-s were quite cov^^red i 
wilh ruHt-pusluleii the barley -plot remained remarkably clean ; there were I 
but trifling traces of rust though it still retained plenty of green steins. | 
It should be noted too that it rained ever v d^v from the' lOtli to the I 
]3th July (measured lainfail, 2o4 iniij.'=:*8 in ) and again every 
from the 16th to the 22nd of the month (measured rainfall, 38*7 mm 
1*6 in) 

8«3 slight a c ipaoity for spremling cannot but bo surprising when wo 
think how readilv the spores of bUok-nist germinate, and consider that the 
iiicuhation-period, antecedent to the apiiearanoe of a new crop of pustules 
amounts only to about ten days. ' 

It is somewhat astonishing to find in connection with the spiead of 
th^ rust-fungi from one plant to another that the uredosporea though 
quite alive, should be distinguished by a speci^J reluctance to germinate 
yet such n undoubtedly the case. An instance of this is the yellow wheat- 
rust (Puceiniaplumarumfoxtnh Triticix^the most destructive wheat-mat 
of tSwe^n and probably also of the r»thcr countries of Northern Europe. 
Here the i»wer to spread shows itself to be exctedingly trifling even as 
between different sorts of the same cereal indeed even between different 
siraina of one sort. No one can have failed to notice, when walking 
a^ut rnid-eummer through an experimental field in which different kin£ 

® being grown, that this or that sort mav have been ao badly 

attackao by yellow-rust aa to render one's clotln-s yellow a<i soon aa one 
entm tie wheat, while aorta growing haid by are piactioally free fron* 
roat. 
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1 This fact was strikingly apparent in the experimental farm in 1894. 
j In several parts of the trial -field different kinds of win ter- wheat were 
I intentionally arranged so that the most susceptible should be next the 
I most resistant ones. In one particular spot there was a plot of the highlv 
susceptible “ Hereford’s Pearl- wheat ’* surrounded in diffeient directions 
' bv fivesHglitly susceptible kinds, viz,^ “ Graf WaldeidorfE’e Improved,” 
“ Squaieherid,” “Hungarian White,” “ hl6 Poulard,” “White Rib- 
band ” and “ Paine’s Defiance.” 

I The results with these plots for the summer were as follows : — Pus- 
tules of yellow-rust were first observed on Horsford’s Pearl ” on May 
11th ; on June IStli, or thirty-tbiee days later, the degree of rustiness by 
I the rust-scfije was 2 C = sparingly rusted', whereas none of the other plots 
I mentioned showed any rust. Ten days later, on 23rd June, the rust on 
I “ Horsford’s Pearl” stood at 4, tiie highest 6gure on the rust-scale 
' (= generally rusted), while two of the adjacent plots were quite clean 
, and the other three showed only faint tiaoes of rust. 

What were the special reasons for the very trifling spread of lust in 
1 these cases ? Several may be imagined ; one c.iuso may, peihaps, be the 
natural unwillingness of the STwres to germinate, a second may liave 
been unfavouiable weatiier-cmdiiions, a third may he some character 
of blade-structure in the five resistant kinds that prevents the rust- 
fungus from establishing itself. 

In order to test the questhm, so far as the germinating power of 
the spores and the nature of the weather aie concerned, the following 
experiment was made during the time of year when yellow-rust grows 
best and under weather-conditions that are deemed most suitable for its 
spread. 

Karly each morning for fi?e days in succession (between 5 and 7 a.m. 
on June 8th, 9th, lOth, 11th and 12th) five very badl^ -rusted plants 
were selected from the plots of “ Horsford’s ” wheat. The plants, all 
wet as they were, were carried carefully to the laboratory and the ger- 
rainability of the spores on all the leaves carefully tested. The record 
of this research, the details of which cannot be set down here, enables 
u** to see that notwithstanding daily lain (the total rainfall for the 
five days was 83 iuin.= 1*2 in.) and oontinuous cloud the number of 
spires that germinated was very small ; so insignificant, that the germin- 
ahilitv may in most cases l>e set down as =0. From this we may con- 
oluJo that the natuial dihinclination of the 8|)ore8 to germinate contri- 
butes essentially to the remarkably litniled spread of this species of rust, 
and that this disinclination is not appreciably diminished even during 
several days of rain. 

We have now to consider the third of the possibilities indicated above ; 
that some kinds of wheat possess a special inherent power of resisting the 
fungns whif'h may explain the limited spread, a id that the source of this 
is to be Uxiked for in some meohanioal, chemical or other diCFerenoe. 

Some observations made in the summer of 1896 give a clear but at 
the same time unex|>ected answer to the question. These observations 
were made on plants of “ Squarehead “ and of “ Horsford’s ” wheat 
grown in pots in two different seri^ one at the end of June, the other at 
ihe end ot July* The spore-mat eriaJ was taken from the open field, the 
firat time from “ HortfordV’ the second time from “ Michigan Bronze ” 
wheat; on both oooaaioiifl a state of huh germiuability w.is indu(^ bj 
O'KiHiif the matoriiJ with ice. The result was that in both tories eg 
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irfeoiions rust-pnstult^B were produced on “Squarehead ” wheat, which in 
the open was quite rinst-free, just a*' plentifqp'^iy as On “ Horsford's wlJeat 
whicii in the open showed Us If the most rust-liable. VVe see from 
tills that a c lesistinty rust, s ich as has been postulated above, 

is not, inherent in (lidereut kinds of wheat, and that it is not this 
hypothe*^ s that the vanable rustiness of different soits in the field is to 
be expUined. 

SimiLir observations nf the remnrkably slight oapubality of spreading 
on tlie pait now of one, now d another form of runt-fungus have 
alread> been made qnihlic,* and their number miifht he added to here. 
But tor the pr« hent it rna^’ he enongli to point out to the uninitiated 
that the pait |^la^e(l hy wnid-earnod spores in oonneotion with the 
appearance and the intensity of ru«jL-blight has hitherto been oonsider- 
al)ly overrated. 

The statement of the thesis that eventual damage from rust does 
not, as a mattir nf primarv importance, imply the constant iin- 
portatnm of new diHease-germs fspoies) or the constant formation of 
new disease-centres, *bviouHl> alters very considerably the position of the 
w hole oeiciil-ruHt question. One of the ke\ stones on which the doctrine 
t»f the origin and the spread of ceroal-rustb has hitherto deqiended, is thus, | 
if not w hull \ ieino>ed, at least decidedly displaced. Hut if this be so, 
li w aie we to eipl nn the fact, whicli still lemains, that from an appaiently 
inHignilnant beginning, cereal-rust is at times capable of attaining 
s< veie and ch stmctive dimenHioiis ? \Ve propose to oxamine whether 
already publislied researches cannot provide a new keystone to be inserted, 
if not in room of, at le ist alongside the displaced one. 

Even in tlie earliest }carei of the m\ estigation some observations were 
made that suggested the iioR-^ibility of theie being some otlier source 
(»f rust on cereals than the contagion of external origin assiiaied in the 
pathological handltooks Thus autumn after autumn, 30 to 3S days 
after s. ^mg, without «ny reference to whether ad j i cent plots had oon- 
lained infec-tive matter or i>ot, 3 ellowrust regularly male its appearance 
on the most susceptible liinds of aulnmn-sown winter wheat, such as 
“ HoiHtord's wheat," “ Mu higun whea*/’ etc.; similarly it afipeared 
]U8t HB regularh, summer ufter summer, about a month nfter sowing, on 
those barles a of a nke i atnre, such as “ Skinless Bailey " {Hordeum 
rul(jarc Vab cornutum), sown at different tiinCi during the spring. 
Both tl»e regularity and the length of the period accord badly witn the 
theory of an external origin for the blight. From artificial infection it 
was found that tlie ini'ubation-pcrK>d is i«aU^ only about 10 days, bo that 
on the h\poibesis that infection from outside may have preceded tbeir 
ap])earance, one would have expected the ruBt-pustuIes to be earlier by 
1 — 2 weeks according to the abundance of infective material in the 
neighbourhood and to the nature of the weather at the time. 

Another striking observation, bearing on the nature and mode of 
Appearance of this rust, was made iunng the autumn of 1892. In a 
long experimental plot extending in a south to north direction, sown 
with Landreth's hard winter-wheat/' a kind very snseeptible to 
yeHow-niat, the uorthmost and best lighted part of the plot baoame 
much affected by jellowrust about six weeks after it had been town, 
while the sonthem portion of the plot, extending to a wood by whose 

• 6*s psrf hmkil/ J Esicssoe, JVmm r«r#rs«<'A«M#a (Jalirb. fAr wiaseDseb. Bot,. 
t. ailfuif 

P. 726 


7S 


Fuiroi. 


App. A* 


74 


The Agricultural 


FUNGI. The Present Position 


App. A. trees it was partially shaded, was far less rusted ; finally the end-furrows, 
which the sun barely reached at any period of the day, were almost alto- 
gether clean. A similar phenomenon was also observed during the same 
autumn in the experimental field in a small plot one corner of which was 
very much shaded by a tall ash. The more shaded the plots were, the less 
was the rustiness, though the time of sowing, treatment of the soil, etc., 
were the same. And along with diminished rustiness there was in both 
cases a taller and more slender habit of growth in the shaded than in the 
exposed plants. This observation is also wholly incompatible with the theory 
of external infection because under that hypothesis rust should have 
been worst in the shaded portion of the field owing to the moisture- 
conditions being there more decidedly favourable for the germination 
of the spores and the blade-structure more suitable foi the penetration 
of their filaments. The observ^atious, liowever, showed just the reverse. 

It would be much too tedious to give a detailed account of the many 
experiments that liave been made during the past live years and that 
bear on these two observations; regarding the definite relationship 
between the appearance of yellow-nist and time of sowing, and regarding 
the varying intensity of the mat according to the var}inL^ extent to wdiich 
the portion of the field is exposed toliglit. The first observation 
afforded an opportunity of ascertaining — and experiments weie devoted 
exclusively to this end — whether it may not at times, and possibly not so 
very rarely, happen that the source of the disease is present in the 
plant itself, pei haps in the seed-buds ; and whether what really chiefly 
influences the inteusity of the disease may not be the vaiying extent 
to wliicli the existence of the fungus in the host-plant is favoured in 
different years by external circumstances. The details of these experi- 
ments will be given in a paper that is about to be published. In the 
meantime only the general com se of the expeiimeiits will be indicated 
here by means of tlieir actual results. 

There seemed to be two ways in which the foregoing question might be 
decided. The one was that of experiment — to ascertain by condusive 
trial wliether rust is capable of appearing on such plants as are protected 
against any external inteotiou throughout tiieir giowth ; the other was 
that of anatomical investigation — to find whether any inherent disease- 
I substance, if such a thing may be imagined, can be sliown to exist. 

I These experimente wet'e conducted according to two essentially 
! different plans. Tiie first method was as follows : At the commence- 
1 ment of spring, so soon as the snow had melted but before the faintest 
' trace of yellow-rust could be detected, a number of outwardly perfectly 
normal young shoots were selected froth a plot of wheat highly suscep- 
tible to yellow-nist. The young shoots were introduced into long 
spacious glass-tubes that were firmly fixed to slakes in the ground, and 
' the shoots were allowed from that time onwards to grow inside the tubes. 
The tubes were stoppered with I'otton-wool above and below to prevent 
aoecss of spores from without, and in addition a small metal cap was 
adjusted above the up|>er end ss a protection against rain. Experiments 
of this kind were oomiicted during 1893 and 1894. In the latter of 
these seasons, when the weather was more suitable for the development 
of yellow-rust and at the same time the arrangementa for the experi- 
ment were more ntiafaetorj, there came a time when ruat, which 
appeared moreover on the plot also, was quite abundant on several of the 
aaleeted stems. 
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From this it wfts clear that sn outbreak of yellow-rost, at any rate A. 

on certain sortM of wheat, may be to infective-material already 

S resent in the nlant itself. Bnt wlienoe then is this infective-material 
erived 'r Tt is ^.y'^nible to suppose that it may have found its way into 
the tender sprout during the autumn preceding as the result of infection 
bv germinating winter-spores that happened to be in the neighbourhood 
of the seed ; it is, however, also conceivable that the seed had inherited 
the disease from the parent plant. 

To decide this question a different experiment was devised. The 
plants during their growth were partly protected from infection from 
without, partly grow n in soil from which all hartiiful infective-material had 
l)oen removed by steniizing. Kiperiiiients of this nature were commenced 
in the summer of 1892 and have since then been annually repeated in 
specially ooiistiucted col tut ♦■frames which rnay be spoken of as isolatiou- 
frampH. Tlie frames are from half to quite a man’s height and have 
usually been quadrilateral. The glazed sides have been fixf<l in wooden 
corner- ^losts. The passaged below for tlie entrance, and above, for the 
exit of air, have had a layer of cotton-wool msortid bo as to keep out all 
infeotive-iiiaterml and an iron roof has been fixed above the frame to 
keep off the rain. Under the frame has bee<i jduoed aiv experimental 
tray filled with sterilized earth in whioh to grow' the plants, the soil in 
tlie frame being watered with di.stllled water introduoed through one 
of the corner-posts by means of a metal pipe. In the very first year of 
experiment (1892j it became clear that the solution of the foregoing 
qupHtion was to be by no means so easy as one might have anticipated. 

7'ho abnormal conditions under which tlie trial-plants were developed 
in these culture- frames — abnormal in the first ])lace beoaiise of the con- 
stant high temperature and ag^in because of the diminished access of 
light, <50UBed the plants to grow more or less unnaturally ; they were 
taller, more Blender and paler than those grown in the open. It has 
already been reinarkt>d that varying degrees of exposure to light in 
different parts of the field sutficf to induce a ditlerence in the growth of 
the plant and in the amount of rustineBS; it has besides been always 
well known that the diflorencps in the weather of (»ne year as compared 
with another have been enough to make one year a rusty year and 
another the opposite. All the more then must the unnatural conditions 
that prevail within the culture-franies affect the issue of the struggle, 
which we have to suppose is alwavH going on l^etween the boat -plant and 
its parasite! In the very first year the event proved that in this struggle 
victory lay with the host-plant ; in absolute agreement with the condition 
of affairs in shaded cultivated- patches, nut a trace of mst appeared within 
the fnunea. 

In the years 1892 and 1898 an attempt was made, pertly by shading, 
partly by vigorous ventilation, to induce a natural habit of growth in the 
^iits under confinement. Neither method, however, appeared sufficient. 

The shading still further diminished the access of light and induct a 
more unnatural habit of growth than ever. Vigorous ventilation, which 
was tried in 1893 by means of a wind-vane driven by a steam-engine, on 
an experimental area that inolnded 13 cnltnre-frames, certainly lowered the 
temneratuie sufficiently so long ss the eky was clouded ; ae soon, however, 
as the sun shone oot the temperature in the frames roee 2^—8^ above 
that of the air outside and remained higher even when the velocity of 
the wind-vane wae increaeed. The plants still grew unnaturalH and 
no mat appeared. 
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App. A. In 1894 positive results were for the 6r8t time obtained in a trial-fiame 
— a ronnd glaflfi-cvlinder half a metre (about 2^) in ) liigli. The plants 
experimented on were of the race of barley, highly susceptible to yellow- 
rust, known as ‘‘bkinlesB.*’ On the second blade of a plant, rtckoned 
from below, yellow-riigt pnstules at once appeared in 4—5 parallel lines 
together 10 mm. l<»ng, and on the fourth blade of a second plant in 
3 — 3 lines 30 mm. long, while hnally black-rust pustules appeared on 
a third plant, on the sheath of the thitd blade at a height of 30*5 cm. 
(about a foot) above the base of the glass-cylinder. 

Tn the suimuer of 1H95 a new plan was ad.'p'-ed. In the quadran- 
gular expenment-frames the three sides looking east, south end west, 
respectively, were made of double gla^s panes and daring the day, as 
long as thi* experiments listed, an unbroken stream of ice-oooled water 
was made to pa^^s between these panes Itw'as found that by this means 
the temperature in the fiaines could be reduced at will to below that 
outside, even in bright sunshine. Unfortunately, honever, this reduction 
of tempeiature was accompanied bv greater diminution of ligiit than 
in the case of frames with single siies, particularly as the frames weie 
only half a man's height and the roof besides threw a shadow. In 
consequence of this deficiency of illumination the plants became slender 
and pale and yellow’ -rust ap\>eaTed only in one of the fianies. On one 
of five plants of ‘‘Skinlesb” barley grown in that frame yellow-rust 
pUHtules appeiircd al>out seven weeks after sowiiig, first on one blade, 
and week later on two others, all three Hades belonging to the same 
stem. 

If, however, the results obtained hitherto during the Be«rch for 
evidence in support of the theoiy that disease-matter may be present 
in the gram itself, are neither so numerous nor so conclubive as could 
have been wdshed, }et they are, even in their pnsent state, of such a 
nature that it is worth wdiile to take account of the interesting and 
important conclusions to he derived from the investigations conducted 
«o far. 

The other method of a'^ceitaining the existence of internal disease- 
inaterial was that of microscopic^ examination. All endeavours to trace 
in this way any such internal disease-material were at first unsuccessful ; 
this has been tin experience of all who have hitherto sought for it. In 
the peripheral tissues of rust-shri\'elled wheat-grams there uorurred, it is 
true, as has been described eluewbere,* a copious fungus-mycelium and 
indeed at times a form of spore-case with germ inaiing winter-spores. 
But all attempts to discover a mycelium in theembiyo itself, whether 
latent in the grain, or passing from the 'gram into the embryo at the 
moment of sprouting, were wholly futile, and it was equally impossible 
afterwards to find any trace whatever of a fungus njyot'liura in the 
venng plant during the first few weeks following the germination of the 
beed. 

It is only at the lime, 4 — 8 wcfks after sowing, when me^-pustules 
first appear that such a mycelium can be found ; even then it is only trace- 
able in the immediate vicinity of the pustules. 


j ♦ J. finUioD and K. Usnalaf • ^ GtirtUmtUt rtc.. a. 80S, eU. 
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How then is tlie origin of this rnyoelium to be explained when, during 
the period inj mediately preceding its appearance, no possible source of 
disease is to be found in the neighbourMoa either in the shape of Aeci~ 
dium^ or of Uredo, or of PuccUiia ? 

A key to tf'A iiolution of this mysterious question was obtained in the 
sumipor of 1893. When a mioroacopio examination is mad ^ undlr a 
high power, of very young yellow-rust pustules on wheat -leaves, it is found 
that in immediate continuation of the outmost sori of a row of pustu- 
les there occur, besides the usual cell-elements, a kind of peculiar, elongated, 
mostly faintly curvtd plasmatic corpiisoles. These corpuscles may 
occur singly or st veral to each cell. Some seemed to swim about freely in 
the protoplasm, wliile others seemed to have bored through the cell-wall 
with one exiremitv or when bianohed with severnl extremities and so to 
have ‘-ent out int( r-ct llnlar mvcdial threads. When the leaves weie ex- 
amined at greater distances from the outer sori of a row of pustules 
nothing note\\orthy was found ; close up to the edges of these hori the 
mycelial network was so copiously branched that no idea could be formed 
as to its origin. 

The observation tliat has just been briefly detailed, gives, as I believe, 
a key to the mdution of the riddle. These small plasm -corpuscles, 
at first swimming freely in the protoplasm, constitute a phase ot 
the fungus, the primaty phase, w’herein the fungus by its independent 
app^'arftiioe makes itself visible. The fungus has for weeks, months, 
po'^8 bU even years previously, led a latent existence in and alongside of 
the protoplasm of the host-plant This latent existence may be termed 
the inycoplasni-phaHO of tlie fungus and thus a kind of symbiosis, my- 
coplasm-BVinbiosis, maybe indicated, — a symbiosis that is probably more 
intimate than anv hitherto known, • i 

At a particular stage of the development of the wheat-stem, always 
provided that the conditums as to light, warmth and moisture are such 
as meet the necessities of the rase, a dissooiation takes place in the joint- 
life of the two svmbiotio partners. Tlie way in which they part oom« 
pany is this : — the fungus becomes difTereiitiated into an independent 
organism, to begin with in the form of one or more plasm-corpaseJee 
in the protoplasm of the host-plant, and shortly theieafter as an inter-cel- 
lular mycelium derived from these corpuscles. The fungus thus, if only 
fora short time, the few weeks necessHty for the formation of sporesi 
takes up that position in the pha^e already familiar to us as the mj- 
celial-phaae. The portion of the plasin-eoi puscle that passes ont 
through the cell -wall forms the in ter -cellular mycelium which preaentlj 
gives rise to sori, that which remains within the chlorophyll-i rodnoing 
cells forms the organs that are familiar to um ns the haueioris, which 
provide for the sustenance of the ohlorophvll-Jentroying mycelium. If 
this differentiation of the symbiotic pHrtners occurs, only a few days 
elapse before free rust-pnitules ap^iear. 

The numer >u8 experiments and observations on which the theory just 
expounded is based and only a few of which have been alluded to al> 0 Te, 
are about to be publiahed in fuller detail ; when this is done some aocooni 
will be taken of the theoretic^ and practical bcariiig of the doctrine. 


App. A. 


* Cooipsrt ibs esAsitism of JKoss/fa sad at Woramimim tn ills rsDs of otrisln dbfrwlss. 
mi m r i m t scoofdlag <o M. Coma (Inn. dss Cc. Ksi. Boi. tor VoL XV, 1S«) aadfo i. 
nsebsr iJsbrt) ISr w\m Bot., XIH, Itet) } sss also Ds Banr, TtrfUicknio lBwy > s / i»<s 
ssd JksUi^ Mm (Lsipilf , ISsS, s iSS). 
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Appendix B. 


I.— Mb. Paereb’s Methods in Cboss-beebding op Wheats. 

{Report of the Proceedings of the Fourth Conference, pages 14 — 17,) 

At the last Conference I had the privilege of indicating a line of 
action by means of which saccess in combating the rust pest can be 
secured — such a measure of enccess, at any rote, as is necessary to enable 
wheat-growing to become, as far as danger from rust is concerned, a 
fairly safe industry for farmers to take in hand in districts which are 
not too close to the coast. In order that this line of action might be 
entered upon, I offered to supply to such of the Governments of the 
different colonies as were in a position to take the matter in hand, seeds 
which had been produced by cross-bred wheats of the first generation 
from the cross, such oross-brod wheats having been made for the purpose 
of combining with ability to resist the rust post suitability for our con- 
ditions and reouirements. I pointed out that the diverse types which 
would be produced by such seeds would enable each colony to secure, by 
moans of selection, individual plants that possess superior power of resist- 
ing rust, and fitness for its owi\ climate and couditious, from which indi- 
vidual plants such varieties as wo want could bo made or fixed. From 
the, in most oases, rather meagre reports I have received in regard to the 
manner in which my orosp-bn'd wheats have servi^d the puipuse for which 
they were distributed, I am led to think that 1 failed to point out suffi- 
ciently oloirly what was to bo expected from them, and in w'hat manner 
they should be dealt with. It is my intention to endeavour to supplv 
this omission in this paper, and to point out in detail the steps winch 
ought to be taken for the purpose of getting such wheats as we want 
from my seeds. Before doing this I would wish it to be understood 
clearly that I myself went carefully through this work last summer, and 
that what I have to say has not merely been evolved from my own brain 
or imagination, hut is the result of ociual practical experience. The 
details I shall give, however, unfortunately do not represent the course 
I actually followed, but the routine I shall hope to go through next 
summer, when I shall endeavour to correct the mistakes and supply the 
omissions of last season. 

Before I begin my description of the detail work of selecting the best 

S lants for our purpose from the cross-breds, it will be well, I think, to 
well for a moment on the special difficulties that have to be overcome in 
making varieties which arc ooth resistant of mst and suitable for our 
conditions and requirements. When, after some years of preliminary 
work, which 1 had been carrying on before these Conferenoes were 
instituted, 1 had biMsome poesessed of a number of varieties that were 
satisfactorily resistant of nisi, 1 found they were all late sorts, and as our 
hot winds are apt to ripen late sorts prematurely, and before their vrain 
has reached its lull size and filled out^ 1 saw that lateness of maturity 
was almost as serious a defect in a wheat for this country as its liability 
to rust It became neoeesarj, therefore, to make an attempt to combine 
earBness with the power of resisting mst. This, on the faoe of it, has 
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the appearance of being a tast which could be easily aooOmplished by App. B. i* 
CToesinj? tuat-reaistant and early varieties ; but when it is considered that 
it may be that earlineas and resistance to rust are incompatible qualities, 
that varly and late wheats are in blooi^ at diCarent time% that enrly 
rust-liable and late rust-resisting sorts belong to different types, and that 
crosses between va/^^p’rs which differ widely are on that account difficult 
and tedious to fir and uncertain as to the character of the tjpes they 
will produce when the} are cnmsed, it will he seen that the task is not 
ei^tirely an easy one. T have found, as a matter of fact, that in break- 
ing tins new ground I have bad to work largely in the dark, and to 
apond much time in doing such prtdiminary work as a8oert»ining 
accurately the different qualities jK)ssf8sed by the varieties I proposed 
makini^ usp of iw parents, and the degrees in which they were able to 
transmit their nspectivc q\ialitieH to their progeny. This work has now 
been sufficiently done w'ith a few varieties for me to be able to feel 
some degree of certainty in regard to the outcome of many of the crosses 
I am making, but vciy much still remains to bo done. The work I have 
already d<me, howe\er, makes me confident that my work in the future 
will be more effective than it has been in the past, and that with a 
smaller eipenditure of labour and time ; while all doubts have now been 
removed in regard to the success which is to reward our efforts ; but I 
can see that the full moasuro of success, which is nee'» 8 sai 7 to satisfy me, 
will not come so quickly as 1 had at first hoped. Resistant wheats can 
only be made early gi-aduallv— step by step. 

In order to combine the qualities of earliacBs of maturity and resist- 
ance to rust in one vai iety by means of cross-breeding, late rust- 
resistant and early rust-liable sorts, as I have already pointed out, have 
to be mated. It will be well to pause for a moment, and consider what 
wc ought to exr)eot from the union of types which diflor so widely in 
these two quahties, as well as in others, such as the relative hardness, 
sue, oburaoter of tbe^p-ain, etc. What wo generally see in the analogous 
case of the Animal Kingdom, with winch we are more familiar, when 
liarcnts, that are not closely similar, are united is that, if the progeny be 
numerous, cortnn individuals inherit some of their characUristios almost 
entirely from one parent, ccmibined with other characteristics which they 
have inherited almost entirely from the other parent ; while as regards 
the majority of their characteristics they are intermediate in various 
degrees between both parents; and when this happens in different 
degrees and in a different manner with all the progeny, it will be seen 
bow it comes that no two individuals of the same parentage are ever 
exactly alike, and that the greater the dissimilarity of the paroots tbe 
greater will be the difference between the offspring of the same union. 

1 will attempt to illustrate bnclly what I mean ; and for this purj)oee 
will make the case as simple as I can, and apply it to the subject we are 
actually dealing with. 

Bappoee 1 have mated a rust-resistant late with a rnsi-liaWe early 
variety of wheat. The greatest diversity of types will be shown by the 
offspring which grows from seed of the first generation from the croee — 
from euoh seed as I am distributing. Suppose we have 100 plants grow- 
ing from sueh seeds, which are of the same parentage. Out (rf this 
number I would ex^t there might be one or two— aay one — which haa 
inherited in a very high degree, poesibly even in as high a degree ae the 
mrenti iheineelTes powMu them, the qoalitiee we are sveking to seeure 
from both pareota. A few more— eey five— I would erpeet to mberit 
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l)igh ruBt-resistaTit power from one parent, as«?0(iated with moleinte 
earliness from the other , and five more to inherit a high degi ee ot earli- 
nesB with fair rust-resisting power. The remaining eighty-nine I 
would expect to inherit these qualities in \ ^ri ►us degiees uiteriiiediate 
between the two p'lrtnls, and something of this sort is wliat I actually 
find to occur in most cases. The work then, (f the jeison whose busi- 
ness it 18 to make use of these 100 plants is essentially the w ik ot scl ct- 
ing as many of these eleven plants hs ] romibe to till our reqiiir in<.nN , 
find that w< rk, as 1 have found out from actual exj enence leqinrtb for 
its successful t erfoiniatice the closest attention Ciie pane ce thorough- 
ness and b's stem With ngard to tl e first f iir tf the these reqiure- 
mcn 8 I (an of course, give lu help, I can onh suggebt thit the work 
must be done m the field, an 1 that it is impossible to lo it anything 
like propel h elsewhere It is in c nn otu n with the last rejuir mem 
that I liope to te alle tc give some helj , and tliat I bh 11 nt w endeiyour 
to do 

As th( principal qualiU we want to s^^cuie in the wheits wo are 
aiming to get is that of ofi tnng re^istanct to rust, it is cle n 1\ iiiii>ort- 
ant that we should ntek t roiect bpeedil> and get rid ol such j lants as 
do not possess tl at (jualitt , and is latt planting is the n eans at our 
command hv whi h iust-\iabilit> can be n aae lo hh< w Usdf vm h the 
g?ent(Ht coitiinty it 18 olearU ahisabU that wt hh uld | lant our Med 
lato. 1 do not think it adM'^abh, h we\ i to make ihis Kst an 
imneoeBbanly B(.\<r( cue, HHitis*utinh liai under an > conditions 
that we want to bring oi t, hut rather to kco wl at plints are rubi-liahle 
under tin least fa\ouT Mi < oiHlitiOn*^ t > wl k b tl t \ are liktU to I e e\p)s<d 

I in or(iinar\ farming In n c( luiuending 1 Ur planting, tluriiore, 1 d > not 
think )t»>ught lo U mad( laUr then il( muldl of Jnu , a nu st disiralle 
time I would consi hr t l> during the hr^t 1 alf < f Jine , an i tl at the 
otHurreine of rust will ) avc been iiiMt d hutbcicnth f< r our pin pose if M e 
seeds are planted during that fortnight Ah cacn plant hub to be 

examined ly itself for rust, clos r nlanting in tl e rows than five incjies 
from seed lo seed will tu found to K undosiral le A good distanco 
botw<en the drills is two links or about sixteen indices \V hm tl e> are 
that distance apart the work of examining tlic plants can be done with 
oiiiufort 

After sowing, and until the plants lugm to I ead, little work need be 
done beyond keeping down tin wet'ds and t ocasiona 1\ breaking the 
Burfate of ibe ground with m Planet Junior or othei hoe, A close study 
of the plants, however, during tins will ofttn Meld much that is 

of mUirect, end vaiietics can then often l>e hejiarated b\ diflerences whnh 
cannot be seen at other times , but it is not until the plants begin to 
head that the woik of selection beginft 

The first thing to he noted lu a drill ef or >sii-bnMis is wh t plai ts ars 
the trat to oome into ear. ^ucb plants 1 am in the liHbit tf marking 
with a black ti« mad< from a strip of Hn\ cheap material that does not 
lose Its o« 1 ur from the weather and leais easily 1 he plants wbick show 
ears th«r hrst aiw nol alwsxs the earliest to npen or tbf< moat desirable , 
and m aome case# m whieh thr preeeuee of a bUok lie shows that ibe iiuie 
between heading and ri{«etiing has been long, the tnaiked plant is reja ted 
on that acmatH* It would do at least equally welt to mark the first 
ptaiits that eome into tiower, lostaad of tbcae that bead the brat , bat m 
ttij own ease it is nmra oimreaieiit to mars the huer If any plant 
bnii much eau'lier than any others in a dnll, toy euatum is to mark it 
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with two ties, sad the next esrly ones with one tie. I generally mark 
about six plants in a di V ^or enrlmeBB in heidmg. 

The time rust begins t appear is generally a few days after the plant 
has gone ont of bloom It is earh enough, however, to make the firs' ^ 
examination for rust about a fortnight arttr that time It is probable 
that, in the 6 rst examination onK the lowest leavt s will be found to be 
affected If most of the plants in a drill are found to have lUst on them, 
then tho<%e that are ch \n sboul 1 be iraiksd by a tie of a distinot colour. 
If instead of a few plinta l^eing clean fiw are found to be rusty, then 
the rustv plants hlioul I h pulW up, and g»t rid of at once, and none 
marked 

Ties of different colours nhoul 1 be ueoi for marking m each examin- 
ation of a drill, bnt the same ooloui should be used for the same 
examination in all the drills -tl at is to sav, if pink be neoJ fot the first 
and rhocoi ite for the second examination for rust in a drill, these oolours 
should be respectnel used foi the first and seoon<l examinations for rust 
in all ♦he dulls In e\erv case tht late of t xammatum, the number of | 
plants ma iked, and all pirticulars which rnav he wanted, such as the 
degree ol freedom from i ust each partu il i** lolour is a record ( f in each 
d ill, should l>e entered in a field-book at tl « timt of examination 
Aftoi this, until the pi mt« begin to ripe i, cxatniiiations lor rust should 
be made at intervals of aho it a week Thes^» exaiinnationa will disclose 
the /act that m genet nl tlu fust ul the plant to be attacked are 
the lowest leaves next tm mi Idb leaves after that the upper leaves, 
next the leal-sheaths, an i list ot all the staltc oi the part of th^ straw 
between the highest leaf and the ear Very few ]>lants, indeed, unless 
the season be one in whi h rust is rernarkahiy scarce, escape liaving some 
m«t on the lowest leaves , m a ft w more tlu midllH leaves remain clean, i 
wlnle the niiinber in which tiie up{>er leaves remain unafFeo*ed is com- 1 
parativol^* large It la furthm loason tha^, in passing plants for Freedom 
jfroiu mst, I draw the ime ub ive the leives, and consider all pUnU 
which. 111 a season when nist is ordinarily prevalent, have the straw (loaf- 
sheaths and stalks) entirely free froin i ust to ho saiisfHot4>rilv olean In 
seb^tmg, however, the most desirable plants from which to fix varietiee, 

I should, of oonrte, give a decidid preference to those with ties on them 
showing that their loaves had remained mst-fr*^6, a« well as to those 
which Hppeare<l to possess the most desirabU qualities in other respeote. 
Periodic and fairlv frequent examinations for rust, and coloured ties to 
noatk the results of sush ox am mat ions, are qutU« necessary, l>eosuiie mat 
that is on a plant one dav may have been washed off by ram on the next 
and because it is frequentlv impracticable if not impossible, (o tell with 
oertaintv after it is ripe whether a plant has been affected with mat or aot. 

The last exaiiiination for rust should be made when the earliset 
pUnta are beginning to show signs of ripening, or when the atook is 
beginning to cDange its colour. In this examination two ties should be 
need, one (dark-blue is the oolotir I use for this purpose) to msrk those 
plants that have their straw entirely clean» and the other (red is in v o donr 
tor this) to show those that are the first to ripen If most of the planU in 
the drill have clean straw, I pull up the rusty plants, and enter m my 
field-book that all the plants left haa their straw clean at this examina- 
tiucu If any of the pCants are markedly earlier than all the other plants 
itt Ihs drSl« I mmrk tboca by two rsd liss. and the next sarliest ooes W 
ene. In aO eases 1 mjuk about half a dozes of *hs eariiost planU is a drill 

F/705. 


n 


wmair 


App. B. i. 


82 


The Agricultural 


PtTHQI. 


App. B. i. 


Mr. Parrer’s Methods in 


containing from eighty to 100. In selecting the earliest ripening plants, I 
mark those whose stalks change coloar first. It is well, nowever, to be 
careful and to use discretion in this matter, as it frequently happens that 
plants ripen earl}' because they are diseased. The appearance of the plant, 
and especially the manner in which the ears have tilled, will show fairly 
well when this is the case. Plants that have ripened early because they 
are unhealthy should, of course, be rejected. 

If the above system of marking has been carried out, the work of 
harvesting will bo easy, and can he done quickly. One detail, however, 
which is essential, and should he continued m harvesting each generation 
until the variety is fixed, is that plants be harvested separately, how- 
ever much alike the}" may be outwardly, for 1 have frequently found that 
I plants which are exactly alike, and had for that reason been placed in the 
same bundle, have differ(‘d widely in the character of their gi'ain. It is 
easy to keep the plants separate* by tying each into a bundle by itself. 
Care, however, must be taken to jdace the tie which gots round the 
bundle below the coloured marking-ties ; and for this purj>ose the mark- 
ing-ties should be slipped up the stalks to which tht‘y ar(‘ attached before 
the ties are placed around the bundle. The several bundles from the same 
1 drill should be mad(‘ into a single large bundle, and a label on which are 
recorded the pareiitagi* of the plants, the numhei of the drill from which 
they W'ere taken, the charactei the straw, etc., attached to it. If any 
plant that is harvested differs widely from the other plants which w'ere 
taken from the ski le drill in the character of its straw or in its habit 
of growth, the fact nlumld be recordfMl on a special label which should be 
attached to its o\m 3 bundle. In ])ractice, however, it is not very often 
that 1 have had occasion to do this. I’he laige bundles should he 
provided with a loop by which tliey may be hung up. 

In d<*aliiig with each drill only a few of the most desirable plants are, 
of courm*, harvested. Some of the plants, wdiich the coloured ties on them 
show !• he desirable as tar as resist amv to rust and earhness are oonoerned, 
have now to he rejwted t>n aocourt of other faults. It may be becauae 
they iiave poor or l>carded heads, oi because their chaff is too thin or too 
looM<lV attached to hold the grain, or l>ocausi* the straw is brittle or weak. 
It will hi' well, also, in harv<«ling to look out for plants that appear only 
to have eaca}>e<i rust because, frcuii being unhealthy, they have ^en too 
defloient in «ap for the paranite to thrive on them, buch plants, which 
arc by no means uncommon, are bt‘trayed by their pinched t^ars. Thojf 
ahould either U‘ or, if horvetiW, should he renrded with suapi- 

cion and the fact noted on a labid attached to them. In regard to 
time of har^ eating it will b4* bi^tter not to do it too aoon after the plants 
art* ripo. If they are left for a w\x*k or two exposed to the wind and 
weather, faults in their straw become mon* apparent, and a better opinion 
can be fonm^d of their ability to hold their grain. 

If the |ircKM!>aa 1 Imre attempted to doaoribe haa been sjatematieallj 
aod thoroughly carried <>ut, ana if the bundles oan W put away in a jdaoe 
t whore mioe cannot get at them, the thrashing may be deferred until 
1 akoHfy before the scsmIs aiv wanU^d for idanting ; for it ia Uniter, 1 beliove, 
(o allow the grain to remain in the ear for f»omt' time than to thraah it 
out at once, Tbe history of the different bundlea baa been wcarod ; for 
it ia levorded on tbeui by tbe coloured ties anti by the labels attached to 
tha large bnndW, and can be transferrad to the enveiopaa in whioh tl^ 
^ Md ia plaocd when buxidlea an thrashed. 
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IT,— Mb. Fabbbb’b SrooBsTioNs as bboabdb India. 

(From a letter a'tdresBcd to the Seem ary to the Oovernment qf 
Department of Tdeve^me and AqAcutfure , August 1S97,) 

I liavp much pleasnro in forwardiiijr to yon s 

number of wheats which have l>een selected from m} colleotiou as being 
likely to prove suiUhle for the climate of India 

Moat of the snirplcs sent are of cro‘<R-bieds made by m3 self, and many 
of tliera contain hnwHi of Indian VHrieties — m some casea indeed the 1 
bl(X>d of Indian wheat prodoininate**. Such oioaseB have generally been I 
made with the objoct of seonnnt' tl»p go(td •]nalit»eB of the Indian varie- 
ties in conibiniition with oitljcr il) bettei ntiaw, (2) superioi niat- 
resiatanoe, or (d) the (juahty of producmi: strong floin — that ia to say, | 
flour which will make a l.irL»*e quantitv of hrea<I. Some of the cross- i 
hreda atnt oontiHii nothing hut the hlnod of weak-flonv wheats such as 
are at present almost ext liiaively i:rown in Australia: wheats i>f that 
character are mclicated on the pB*‘kets containing them to be such ; and 
although 1 would certainly not reooinme.id them, on account of the 
inferior strength of their tlour, as will h^. m general, their liability to 
rust, I have thought it will to semi samples of such wheats, if it onlj' 
be for the pui^iOHe of fnrnirthing contrasts which will make more pro- 
minent the good qualities of more desiiahle sorts. On each packet of 
wheat sent, I have in general written what I believe to he its milling 
quality as regards thf strenath qf tkejlour made from %t. Wheats 
whicli have a nnll.ng quality uen'^ted b) 1 are sup[)08ed to have, when 
they are grown here (New Sour h Wales), a strength of 00 or ahove— that 
is to nay, a sack ot Hour <2<K) lbs ) made Irom them will absorb 00 or more 
quarts A water in making dough fit for Iwking In a similar manner a 
wheat of milling Quality = 2 is supposed to have a strength of between 
65 and GO. Tiit toliowing table wi‘l give my scale shortly and clearly. — 

A wheat of milling quality = 1, g«ves flour of strength 00 or more. 
f$ »» »» »• M «, from 65 to 60 melnsive. 

,, ft »* »» —3, ,, ,, ,, 60 to 6'i I, 

,, •! ?» ^ f» », ,, 45 to 40 

1 do not think that any wheats of Uss strength than 48 have been sent ; 
and when 1 tall yon that 48) is the average flour -strength of the wbaata 
grown in Auitralia, you will see that the wheats sent are mostly much 
better than over average In cases when a singlt* iP) is attnohed to the 
floor strength given, it means that I have go^xl data through its parents 
for the opinion I have given . when two queries (?pj are attaebed, my 
data are not so satiHfactcvy. When I have written on a nmkst * 1st 
generation,* the mcniiing i- that the containei i»ample has boeii taken 
from plants grown from seeds which were made by artiSrisl impregna- 
tion : in sueh oases nothing whatever has been done of seieotmg for the 
pnrpoM of making vanetias, and there will bs the maximom ainoniit of 
variation amongst the plants grown from such seeds. 

In DO sass vonld 1 sxpset results worthy sf attention to bs ssenred 
the first year the seeds are planted. Tt>e w«frk tc be done the first rear 
It to pUnt the sands in drills (rows; ahont IG or 18 iuehes apart sod six 
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inches or even more apaii in the drills. At the first harvest those indi- 
vidnal plants (B or 4 , or in exceptional cafle>^ fewer or more) from each 
drill whioli have shown excellence as rej^ards freedom from disease (most 
espeoiallv), vi^t)ur of growth, liabit, abilit y to resist — to produce good ears 
filled with plump grain in the face of heat and droug ht-^ productiveness, 
time of matuiity— in fact as regards all such qualities as cause a wheat 
to be valuable for your (Indian) climate, should be carefully haiwested by 
themselves. This can best be done b\ adopting a system of previously 
marking tbe plants while they au* growing : and a good method of 
doing this marking is by tying to the plants stiips of a light fabric 
(print, etc.) of difleient colours and patterns, alwa^ s n>ing the same 
colour 01 pattern to mark tlie same quality. Thes=> ties should lemein 
attached to the plants until tliey are haive'^ted and indeed until they are 
thrashed. 4 'hey will then serve us records of the qualities which w^ero 
shown by the plants duting their grow'th and be useful in mr^king final 
selection and in making no^e^ on the packet in wliich the seeds are 
finally stoied. Fach selected plant <uight to ho harvested by itself, and 
the seed fioin it planted in u drill of its own. This rule ought never to 
be depaited fr(*m even, and especially, in dealing with plants wliioh ure 
apparently exactly alike, until a fixe^l tNpe has been secured. If the 
selections have been made carefully and judiciously, the second year will 
most likely shitw that (»ne of the selected plants is better able to transmit 
its good quiilil ies tlnui the othei Attention shoiihl be speoiallv paid 
I to the ptogeny of th^s ]»lant, and <el<ctiorv h<‘ made again of the best 
platiis amongnt them, liy l»eii g car»Tul to harve^t selected phintK singly 
light up to the time when a Uniterm has been secuied, I find that 
varieties can geneially he obtained in ilnte oi foui gtMUTalicms. and 
ooonsioually even in two. If tbewcik of making varieties be done 
J caiefullN and systematioallv, 1 have ctuifidoncc in expreshing an opinion 
I that you will be able to make, fiorn some of tl\e cn ss-breds I am sending 
‘ you, varieties which will be sintsble for 3 our climate, and more than 
that, whuh will pos^esH suHicieiit power of resisting rust and the efleots 
I of dr^ woatliei uiid best to be of a alue to 3 ou on that account. If 
I instead oi growing varieties if wheat which have originated no one 
knows how', and have originally commended theiuselves by the possession 
' in a cunspicimus deglee of some one quality, either of pn^ductneness or 

I of btaut v of grain, or of some otbsr e\ct llenco. farmers had in tbe past 
Uen ill tbe habit of cuUivating \Hrietits, which had been made systema* 
tivally with the object of M»curiog rust-resistance ass>iciated with the 
otbcT qualities of a good wheat, I hare no doubt >1 ssy this cautiously 
and delil>eiwte1y afiet having given close attention to tbe subject and 
SKperimente 1 for 10 3 ears) tnat the ru8t*p<wt would long ago have lost its 
iern^rt. and that the\ wmld be in a position to encounter the oondi- 
lions ol a rustv seaaiou without fear ot an appreciable diminution of erop. 

The 

I broeiling, then, of mst-ieaniting vaneins of whesi b3 mating vurietiea of 
oonstiiution bnt of unlike t^pea, and in making vailetiee selsetiug 
j IS /le fhr sriicA O t riMrttiirs orr from the Tarring 

) progeny of sueh emeses. lhi«se plants which show ihetnselvee to ^ inoei 
^highly rusi*reaistaiir. oonslitute* lu my opinion a ratkonal and efBeient 
aoiulioB of the rusi^iivoblem, and probablv the only uraetical aolutioB. 
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I Will bring before you ^et another matter on account gf its probabb 
utility to you For many years 1 have La n in the habit of reoeiving 
wheats from foi* countiies and have noticed that if I plant tht 

imported reel in a SVill, while nn st ^f tbe | Ian s will generally show ’ 

App. B, ii. 


oonipicu II* unhtnep*' for onr chmat I can n^ialK nevortheieOT bj 
careful exAini lation hnd in a dull lu or more pants ubioh aie free oi 
relatively free from di-^c^iee and bave ^rown well B\ following tbe 

custom of planting tlie seedi fiom nncK j 1 mts lnl^, I hnd I have almost 
invariably been able to "iw^ouro qiiickl\ rusl-iesistant an 1 ncdiniatised 
strains of iiian\ (probably of most tint I bayt oonBidered woithy of 
attenMon) of tie vsrittie^^ 1 liave intiodnoed The pimoiple appears 
to be indicated bv tluf ‘hat wiitn avniet> of a doimstioated plant, 
which is reproduced I ) ^ ed ih fixol in an\ localit> oi countn, it ik only 
fixed in Jegard to the onditionsof ^bat luealitv cr count* \ , and that 
removal to a fi*sh cl mat iiuikH^i prominent difTennuefl between indivi- 
duals which had bef^ir renmnip 1 nii»» en It 8 from this principle that 
I liave f( niiod an opinion tl whenever seeds ol a domestmati'd or even 
of a nat oal vanct\ (i species of | Unt are hionght from u foreign 
countr>, thi\ should ni the hi*<t iiiHiaiue bt planted m drills in nuoh a 
wanner that eat h i»biii^ can U i xammed, and that a j rocess of fixing 
a variety afiesh for its new I on o Bhoiild be g >ne thiougb It this 
nm don^ 1 think the work of (wdimatisiiig | lants would bo made 
quicker and more siicctssful Injs ) nneipli I ui i Id a|pl> to all plants 
propagatctl b> seeds, and w< iild even make use of it in transferring 
valuable wheats from one part of ^oiu country for trial m another. 
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REPORTS IN COMMITTEE OF THE AUSTRALIAN INTER- 
COLONIAL WHEAT-RUST CONFERENCES. 

I. — Repout of Committee, Fiest Cui^febence 

The Committee appointed thi Conference to diaw up a senes of 
resolutions ha\e considered it imporUiit in the first place that the 
magnitude of tlio damage otcasKiied b'v attacks of the rust fungus on 
wheat should be clearly and i ulh leoogiiised The loss can of course be 
estimatid onh appiox;ia ittl^, hut dl the estim it( s indicate that it is a 
ver^ seru us one i)uiii g the last season, S uth Australia seems to ba\e 
Kuflerod most, estimates ha\ing hem made in that coloiu showing a total 
loss in season of about £'1,50),(‘K')0 In Victoria the estimates 
similarly indicate a loss of about 1750, IiiNtw bouth Wales tl»e 
loss liUH hoGD estimated at llO0,(M)0, in Quei iisl uid at 120 000 For 
lasinauia no estimate is forthtoming, but tin. total loss suffered b> 
the li\c colonns dining the past season must Da\c been not far snort of 
C2,500,0(X1 sterling 

For a prop* r umKistiinding of 1 oh this h w. ai jm s, ami for an intelli- 
gent application of pr<\enti\t nuasuies, it is ne< essai \ that the nature 
of lUHl and of the (onditiuis fa\ouiaile to its development should be 
generalh known amongst w heat -growers lo this end a hIjoi t descrip- 

tion of the diseivse, illustrated h> diagrams, is ippended to this rej)ort.* 
From that description iL will he gathered that the lust is a microscopic 
fungus, Himilur in ilw main c handlers to the ordinurv green mould that 
grows in ihoese and to the inddiws ahioh are coiiiiuonh found in damp 
pUw es on ohjes ts of e\ei\ dttku ipt.on. 1 be rust fungus grows mainly 
m llie tissues of the hladt and ibe itaiL. , il also attacks the ear, but does 
md, so far as at present know I,, directly attack the Mied By absorbing, 
however, the nap of tht plant for tie oau use, it dtprives the gram of Us 
iieooesary iiourishmout, ho that the sied matures in a pinched and shrivelled 
c*ondition. Jl instated t)\ some authorities that when the parasite attacks 
the ear the wbtat giain Woomes inoio shriTelled than when only the stem 
and the leaves aroalUcked. Like all othei fungi, wheat rast is propagated 
b> sporee or germs, which are product in countless numbers, and some 
ot which remain in the straw and the ear, some cling after tbreahing as 
dnsl to the seed , and home being oairied about by the breete, lodge in the 
soil or on olber plinU There are two kinds of these sporee, namely , the 
red ones which i^uickly germinate, and are the means through which the 
pest having onoe broken out i» able to spread with lU characteristic 
. rapidity through an out ire ciop— and the black onei^ known as restuig- 
I spores, which do not appear until ab.ml hardest time, and remain a whme 
season before they bud forth in new hfe . it u by means of these klter 
, that lilt fungus under ordinary oouditiona u oon tinned from season to 

I 

I * A* tllM <’•11, .<»« lBl« tn Clkk|>ut 11 >4 tte frM*4, 

' U wi n t rw w n niMrlal tht dMcttf^Uua r«fom4 
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Mason. The oonditionfl favonrable for the ^Termination of these eporee are 
the oonditiuns favourable for the jfrowth of i^’inost tdl fluob fongus pests, 
namely, a warm dump^ still atmosphere. Any ciroumstanoee, such as an 
ruthreak of warm iramediutely suooeeding rain, Kooh as damp 

jlhdrained nwamp^ gmund, such ah the t»f thick hedges, ai.i so 

on, which lead t<i the eHtablishment of tliese oondiiiona, are favourable to 
an outbreak of rut»t. The spores, 'U' has been alrea ly observed, are oaiTted 
about on th^ bree/e, »o that thev boooiue loilged on varions plants. 
They do not, however, flourish on afl plants ; but on barley, oats, wild oats, 
canary grass, and many of the ordinary gra-sses they are known to thrive. 
Hence in devising })ieventive ineasuroH against rust, it is not sufficient to 
take into account only the circum»*iance8 which attend its attack on 
whe.it The fact that the -'ireumstances leading up to an outbreak of rust 
are various, will explain iuaii\ of the appiirent dirw'rcpiincios in the observa- 
tions of practical w heat -grow eis, uud will rendei eiistly explicable the con- 
flictnig evidence that js tortlu oimng. Fi)i it will be readily understood 
that in stump o<kses weatbei cuiulitions favourable to the rapid develop- 
ment of ruftt ma\ nut appear until late in the st^AMon, in wbich case 
oarlv sow n erijpM will, to a gieat extent, escapt' Tbi^ in most districts 
iH the general experieiUN . Hut, on the other hand, tlio favourable 
Weather eonditioTih lua} pt^rohance fall very eaily ni the season, and he 
suweeded l»> ver> unlu\ ourahlc weather conditions; in such a case 
tin* early howii crops would siifTer most. Or it may he that, in some 
seasons.^ while the conditions are favourable to the growth of rust, they 
are also favourable to tin de\elopment of rust-resisting power in the 
wheat, or vice vend* And also it will be understood that since the 
circuinslanco^ K^miuig up to the (u^nditions favouring the devolopmrni of 
rust are various, so the measures taken t<> prevent an outbreak must be 
various No one ineiiiiure. no one spe<*ihc, should be expe<'ted to bo 
univeTcMiUv Hiicocsrtfui in its applicalnui. I’ast experience, however, haa 
alrciwi\ i»rought lo light and fu(l\ testi^d some important inoaeurea which 
may with a<ivaiitiigo bo iiuiiit diately a<ioptCil. Experience has also shown 
the necessity of ohUiinng detinitc and reliable facts coiioerning the 
utilit\ of vanouH other uieartureH, nut yet fully trie<l, but which circum- 
stances seem to indicate us bting of a more or Urns promising character* 
it will also be apparent from the general tenour of the evidence that the 
devising and practical application ot incthuds for C4>piiig with the ruet 
pest will be a work of time and the result of oontinuous earnest efibrt. 
There will lie no royal roa<i to •«uc<'es« , but, like all great improvements, 
it will be the outcome of gradual progress, and of the labours of many 
workers. 

With ihose considerations liefore them, the Committee recommends the 
following as a report, which may \>e aibipted by the Conferenoe 

Thu Conferenoe, viewing with alarm the cumtinued ravages 'of the 
rust pest in wheat, and believing it exjiwiient that the various Australian 
Governments should use every legitimate means of assisting in the 
prevention of these ravages, submits the following resolutions . — 

(1) In view of the very general experience that early sown wheat 
frequentij escapes entirelj free fr4>iu rust at times when late sown ^ops 
are gtealfy damaged thereby, and that in almost all eaees it is ensider* ^ 
ably lees ^tacksd than late sown wheat, this Conferenoe recommepds 
that early sowing be adopted in all cases where applicable. In makii^ 
thk rfesfBznsndalion, the Conference does not overlook the faei that in 
tocae ytars^ owing to unseasonable wvatber, early sowing is impreeiicabl^ 
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App. C. i* I but at the SHme time recognises that it may be adopted in many cases 
where late flowing; iw ikiw the ]»ractice, 

(2) This Conference helievefl that cutting the whtat crop when the 
grain is in llie dough stage ih at all times dcAirahle, hut that in a rusted 
crop the practice, when applicable, is specially to he recommended as a 
means of securing a heavier yield and better sample. 

(3j This Conference, fully believing that no such cereal as rust-proof 
wheat has yet been discovereif, but that, as shown from experiments already 
' carried out by importing different varieties from countries outside the 
Australian Colonies and by carefully selecting w’itiiin ibe colonieH, certain 
kinds have proved to be constitutionally able to resist to a considerable 
extent the ravagCH of this post, recommends a continuance of this work 
of selection and importation, with a view to securing varieties most likely 
to prove remuneiative to the wheat farmeis of the various cohmies. 

And, it having been found, from evidence submit led to the Conference, 
that certain varieties of wheat believed to he rufit-resisting when grown in 
one locality have sucoiinihed to the pest ulien grown in another locality, 
this Conference conniders that it would not he justiBed in specifying any 
partiouhr varieties as possessing rust-resisting qualities under all con- 
ditions. 

(4) Resolved that the Rdvisahility of growing wheat upon land pre- 
viously fallowed, 0 ! in succession to crops of a different oraor, like maize, 
sorghum, clover, peas, lucerne, jwtatoes, etc,, i** earnestly recommended to 
I our fanners, on tfie giounds that wheat thus growri lias enjoyed a greater 
iininunity from attaoks of rust tlian w'heri succeeding wheat, oats, and 
other like graminaceous plants, and upon broader grounas of stoind prac- 
tical farming. The general tenon r ot the many facts laid before the 
Conference is to the cfftM't that better farming — the practice of rotation, 
fallow it g, and the use of farm-yard manure indirectly, by applying it to 
the plants which prei'c^le wheat in the rotation — lias resulti'd not only in 
bettor crops of wheat, hut nolioeahlv lessened damage from the rust 
•courge. 

(6) This Conference, recognising that the locus of the resting-spores 
of the rust fungus is chielly the straw of the infected crop, advises that, 
where practicable, all infc<’tcd straw, tailings, or stubbles, and all grawa 
immediately adjoining thereto, l>c carefullv burned ; and that, where 
infected straw must nwx»«Karily he fed to stock or used for bedding, all the 
manure theicfrom be well rotted, and applied to laud about to carry a 
noD-oeroal crop. 

t6) The Conference i» of opinion ,.that each of the Australian Qovem* 
manta should institute, as early as practicable, a series of experimente on 
as many of the ftiUowing »ubje<*ts as circumstances will allow, such experi- 
manU to l>e continui'd over a suooeasion ot years, and the results to ba 
puhliahed periodically for free distribution among all cenoerned : — 


(a) The eSect, as regards rust, of manuring. 

The effect of applying lime, ferrous sulphate, and 
■oil 


to iha 


(el Meet of applying to the rusted crops, by means of the Btiaw- 
eotiiaer ana oiheririse, aolulitms of larrona sulphate^ ailti 
anll^iata of oof^, and olb^ afprored antiaeptioa 
Effect of different mathoda of rultiratioa. 

(a) Kffeol and aooiioiiiical ap^icsdieD of drainaga. 

V. m- 
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(/) Expedienoy and best methods of using hifected straw. j App. Q. i« 

(^) Efficacy ol burning i»ll straw, treeds, and other plants in the 
field, and ot using other disinfecting agencies vith 
a view to (lestroviniT sprires 

(A) Relat i\o \aluo of nisr-shr»\ ell *d and henltliy seed. 

(i) Relative values of difToieni vai loties ol wheat. 

j) Effect, as ’•egaids ru^t, »>f difftrent times and modesof sowing. 

k) RlTivt ol different tnin ^ and modes of reaping 

(/) InvestigMtioi H reg'iidmg plants that act as inteimediary hosts, 

ard regaiding all plants that an* affected by rust in tlic 
differt'iit colonies 

(m) Climatic conditions most favoiiiahlc to development ol rust 

(n) Value of anv opparcntlv suitable specific methods not men- 

tioned in this list 

(7) The Confercnci affiMiis tl i value of publishing t \oi y autumn in 
each colony a map indicating tlie whole of the wlieMi-grow mg districts, 
illustrating the extent to which each has been affictod hv rust, and giving 
all data ^K^ihle a.s to clunntu and other conditioi s cf past season. 

18) T he Confircncc TMOimicnds the isMiung of a scries of queshoim 
to all farinen* and othiis inttusled throughout tlie severiil colonies, 
with a view to elicit mg as much individual < xpenence as possible, and 
thenoe deducing some gen« ral laws foi future guidanoe. 

Melbourne, 11th March 


II—RirOHT OF CoMMITTEK, dRCOND CoUFFBKKCa* j App. C. ih 

The Committee of the acound C<infereiioe of JeU gates of the Anstia* 
ban Colon let called t(»gether to consider the question of lust in wheat 
desire to rei'Ord the tliat, Mnce the last Conference, held in Mel* 

bouine lu lh9<), distinct advances have been made id our knowledge 
both of the life'history of the rust fungi occurring in Australia, and 
of KMwible methods of coping with tlie pest Ou reference to the papers 
and records of exp-nences presented to the Conferenoe, it will he st-en 
that certain disooverien of an interesting nature have betm made in 
regard t4i the predominance of the spring ruHt (Puectnia r%hiyo^v^ro>\ 
in tbe Coloiij of New houih Wales dunxig tlie piiet jear, and a possible 
fourth stage of the autnuii ruNt {Fucctniu yniott sf«), on a speoies of 
Jiyropyrum, the presence of grnuinatin/ cells in the spermogonia of 
tbe same rust ; and the grub or larT» of a speeies of IHplons which 
feeds on the rust, and may be luNlruipental in spreading the pest. 

AbondaDt eridenoe has been accumulated showing tbe existence in 
Australia of varieties of wheat which are constantly less liable to damage 
from rust than are other Tarieties Endenoe has been gathered bj 
direct eEperuntnts, and by information reeeived from farmers hi 
lespoDes to qaesUons issued to them, which confirms tbe soundness of the 
moanneodations of last year's Conference in regard to early sowing, awl 
the less liability to diswse of eroje grown m rotatioo , and it has idso 
been shown that, as a mle, thinly- growing crops suffer less from rost in 
these eoloniss than do thiekly •growing crops. In regard to enrataTe 
mes enr e s wbieh as temporary aM eeoMtonal expedients sboold not pam 
diaregardsd— the ptoper wse of fnngioKUs hae been further iadieated 
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App. C. ii. by last year's experiments. It has been found that a solution oompoped 
of one part of sulphate of copper and 400 parts of water destroyed the 
vitality of the rust ‘'pore, and that a solution of 1 oz. of sulphate of 
iron to the gallon of water when sprayed over a growing crop at a time 
when rust w’as about to break out prevented the appearance of rust until 
a fortnight or three weeks later ; and even if applied when the rust had 
attacked the plant, do 8 tro 3 ed all outviard appearance of fungus, and 
prevented its reappearance until fourteen days afterwards. These, the 
Committee submit, are evidences of real progiet'S in the important and 
(liflficult work with which the Conference has had to grapple. 

After a survey of the fact*> in evideno(‘, the Conference in Committee 
has drafted a senes of resolutions, which are now submitted for formal 
sanction. These resolutions are the same as those of last j'ear’s Conference, 
together with certain modifications and additions suggested by the further 
evidence gained during the past tw'elvo months 

The series is diyisildc into two cli^sses, the first eml>racing measures 
w'hich the Cunnniltee hclieves may w’ith confidence ]»e recommended for 
immediate adoption, wdth a view' to lessening the chances of loss conse- 
quent on rust. These recommendations do not refer to the adoption of 
any specific remedies or pre von lives, hut rather to th(‘ general improve- 
ment and modification of existing methods of wheal-growing, and the 
gradual introduction oi better systems c>f farming. The fa<'ts accumu- 
lated in ovulenoe, as well as the experience and knowledge of the indivi- 
dual meuiherH of the Commit toe both i»f those mcnihers who are engaged 
in wdieat-growing for the market, and of those who arc engaged in 
Hcionlific inquiry into the i4nl)icct — unmistakeahl} indicate that the ravages 
of the rust pwl ■would lie materiall} decreased hy intelligent perseverance 
in the direction of these general methods. The recommendations are not 
offertKl for indiscriminate adoption, hut for bolection or modification 
according to thercHults of local experience. 'I’ho Committee believes that 
if all those interested in the advanceineiit or agriculture would cordially 
unite in encouraging Australian farinei 8 and wheat-growers to persevere 
in the direction of these recommendations, the nsult would he a most 
iu)]>ortant diminution of the loss resulting from rust, and a steady 
increase in our output of wheat. 

The second class of resolutions refers to methods and aubjeots of 
inquiry rooommended for the coming season. 

Tho resolutions are as follows ; — 

/. — Becommrndations for the immediate attention qf Farmers. 



1. In view of the general ©xperienoe that early-«own wheat frequoDtly 
Moapea free f rtnu rust at times when late-sown cre^ are neatly damaged 
tboreb^ , and that in the great majority of cases it i» aitaoked oonaideraoly 
less than late-eown wheat, this Conference recommends that early aowing 
lie adopted whenever poesihle. in making this reoommendation IbeCoo- 
fermoe does not overlook the faet that souietimea, owing to aneeaionable 
weatker, early eowing is impracticable, hut it also recogaiaee that early 
sowing might readily be adopted in many cases where Ute sowing u now 


jr This Conferenee Mievea that rotting the wheat-crop when the 
min ia in the dough elage is gsneraUy destr^le as a means of acooring a 
Mter aai^e <if gmixi for oiillmg pu rp os e s ; and that in a ruled 
eropihe ptaclice ts spscmlly to be tnoommeoded to this cad. This 
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leoommendatioD, however, does not refer to obtaining grain for seed, 
for 'wbicb purpose tbe crop should not be cut ttutil fviirly ripe, 

3. This Confcience, believing tluit no sucli cereal as rust -proof 'wheat 
has yet been but that, as sbowii from experiments lately 

carried out by nuportin^^ difTorent varieties from countiiefl ouUidt ihe 
Australian Colonies, and b\ carefully htbctmg and hybridising them 
within tbe Colonieb, certain kindh have been found to constantly escape 
to a considerable exteiit the ravage^i of this pest, recommends a oontinu- 
anci of tbih work of impoitation, selection and b\ bi idisation, with a view 
to se< uring \ iiuetie^ most like ]3 to escape rust and bpeciallj’ adapted to 
tbe difTerent districts of oiii C donies And, it Imping been found from | 
evidence submitted to tliis Cunforence, that certain varieties of wheat, | 
believetl tt» be ruMt-iesibting, when giown in one locality, have 
MU<x:uinbed to the pest when giown in anothei localilv , th's Confeicnce 
considers that it would not he jiibtihed in specifying nn\ ])aiticTilar 
varietu'b as pt sm'rising rust-n lug qualitnn iiiuUt all conditions, hut . 
prov Hionallv rei’ommonds tin f( liowing as worthy of careful trial:— 
Ward’s Pr^vlifii, \ ictorian 1 eiiancc, Queensland iieiianci^, Re<l Tuscan, 
Belatourka, f ill-bag, l)u Toils, Ibvt hng l(Uii, Blounts Lambngg, and 
Leak’s- 

‘1. Iniiiiijuch as nist-iesisting whiats when giown for w few seasons 
in rustv districts, are liable to lost then aldity to avoid the attacks of the 
rust tungiiM, this Couferenee atbnuM the desirabilitv of es^ddishing at as 
early a date as fossible in suitahh distrn ts of th(» •lillcrent ( oloiues, seed 
lit p6ts, or sUktn UH for tin* maintenance and jiuproveincnt, by K*Jc*otion and 
nvbndiHation. of the rust-resiMting nnd other (IcsiiabJe qualities of secd- 
wiicats, and foi the constant distributn n oi standard vanetifs throughout 
iht* i cdonies. 

6 '1 biH t onfori ncc desin H lo rteoid its eonviotion that red wheats 
shoubl he btoughl n.ore generally into cultivation in these Colonies, for 
tin* reason that, whih ihc'v are hard and wtll suitahie for inilJing pur- 
post h w ith 11 ixierii milling m^kchinery , tht y an alnn h hn Imhlc to the 
ra\ tge»» id rust than are whitt wheats it considerH that the present 
prevailing demand on the piirt of K'^ain merehantH and millcis foi white 
wheats in imt » n any sound | riiinph-, and it is piejudicjal to the 

interest ol wheat-groweri and bietwi oonMiimerB. 

d. The advisability of growing wheat on land previously fallowed, 
or in succession to cro|M of a uiiTerent order, such as maixe, aorghnoiy 
clov'er, peas, oow-peas, Indian gram, lucerne, and other Legnminoscc. 
potatoes, mangolas, and other loot-crops, etc , is earneetly recommended 
to our faxmera, on the grounds that wheat thus grown has enjoyed a 
greater loimunity from attacks of mat than when stioceeding wheat, 
oaia, and other like graminaaeoas plants, and also upon broader grounds 
of sound praetical farmiog. The general tenour of the many facts laid 
before the Conference m to tbe effect that better fanning — the practice of 
rotatKUi, faJlowing, and the use of farm-yard mantire mdireotlyf by 
applying it to plants which precede wheat in tbe rotation - haa reeultea, 
oat only m better crops of wheat, but noticeably leeaened damage from 
the met eeoarge. 

7. In view of the s^erai evidence that lo tbe Aostraliafi Colooiee^ 
thoily-aowii erope art* me attacked by rust than tbickl) -sown crope^ 
the Conference recommende tbe more fooeral adoptiim of the practm 
of thin sowing, dne regnrd being given to tho setl» tbo ttmo of eowing^ j 
and the |wcnlianitea of tbe local climate. 
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1 8. This Conference, recognising that the locus of the resting-gpores 

of the rust fungus is chiefly the straw of the infected crop, advises that, 
t wheie practicable, all infected straw tailings or stubble and all grasses 
immediately adjoining thereto, be carefully burned ; and that, where 
infected straw must necessarily he fed to stock, or used for bedding, all 
the manure therefrom bo well rotted and applied to land about to carry 
a non -cereal cron. 


IL — Recommendations for Unquiry and Investigation. 

9. Tlie Coiiferonce affirms the desimbility of continuing experiments 
and inquiries in directions such as are indicated in the 6th Kesolution 
of last year’s tonference. The subjects for investigation fall under the 
following headings ; — 

(a) The elTect» as regard*^ rust, of manuring. 

I (h) The cfTect of ajiplving lime, salt and sulpliate of iron to the 

! soil. 

(c) The e (Toe t of appUingto the lueted crops, by means of the 
I fttra\vH<tin/ei or otherwise, various fungicideB in solution 

I (»r in poi^dcr, such as sulphate ol iion, salt, sulphate of 

I copper, lh)rdcHU.\ mixture, eau celeste, aminonic carbonate 

I ot ooppii, carbolic ac’id, and tb\inol. 

^ (cf) ECFect of ditTereni modes of oultiyation. 

(e) Effect and econoinicul ajqilication of drainage. 

(J) Expedience and best methods of using infected straw. 

I Eihcac> of burning ail straw, weedw, and other plants in the 

I infected field, and of using other diHinf^oting agencies, 

Nsitli H view to dchiioying ,>poies. 

(/i) ludatue \uluo of rust-shrivelled and pump tseei-i. 
ff) Rt'lativc \alue of different \arielies of wheat. 

(;) Effect, as regards rust, of different times and modes of sowing. 
(Jl) Effect of dilTeient uines and modes of reaping, 

(1) Investigations regarding plants that act a.s iiitt-rmediary hosts, 
and regarding all plants that are affeoted by rust m the 

I diffcient Colonii’^, 

I (m) Investigations as to the earliest ntage of wheat in which the 

fungus luav effect an entrance. 

{ (a) I nveatigalioDs re^rding^ any niM-cth, such as the reoentlj 

I diaooverid gruw of a Dtplosu^ which fet^l upon rust-speree 

and tna^ b« mstrumuital in spreading the post. 

, (o) luvciftigaUoxui in regard io the inffuetioe on rust of inter* 

j change of seed beiwarit suitable locHlities. 

(|>) The infiuenct* which the growing of ihe seed in hot climatee 
has on the earU maturing of wheats. 

(f ) limwlitrauon* in regard to the effect of mixture of seed on 

the de^'wlo^ent of rust 

(r) Macroaoo|iicar, snscrompioal and rbemical exatuinalion of 
varieUec of wl»eal in order to discKn-er the obamoteratioa 
of ntai-rwietiiii wheeta. 

(e) Truila of rerioua Leiramineus nkaU fitidu rariooe part* el the 
worU« eaiiable lor introouottoo iftio roialienB m ih« 
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different difttiiots of Australia, and e‘?peoially into the 
wheat-^io^v ing districts of the d- > intornn. 

(t) Investigations m regard to standard of rustiness and in regard 
toRunt /II lie precise method of comparing the degree of 
Mistiness thill ♦lie use (f riguo expi essioiis, suoh as 
“slighth 1 nRt\, “ iiist\, and •* vei}' rustj ” 

10. Re8ol\e(i. that foi exp^^nmenta] puiposes, an mter-oolonial 
exchange of all varielits (f wheat in the Colonies be elTeettd in time for 
next season's s iwmg 

11 It 18 rtoominended that slips be taken hy the various Govern- 
ments to encourage the pi nlu< turn or improvement of implements suitable 
for spranng wheat or< ps 

rj Resolv'od, that, a^J Ki on as possible, evperiinonts on a sufficiently 
large scale be made indie van ms Colonic^* to (hmonstiate the most 
jractieal melliod of sprjiving <i f>s witli suitable fungu*ides. 

13 Tht C onfer« iRV affims the value ot publishing ever\ autumn m 
each t <jlony a insp in 'j<*atm^' the whole < f the v\ hear -growing districts 
illustrating the eitcnt tt) which <ach has been aibct-d bv rust, and 
giving all dat^ pusrtil h‘ ns to dimat . and othei conditions of the past 
seasons. 

14 It iH rtcomiiunded that the senes of questions set f rth in 
Appendix !• to this re^sju, nlatmg t > the coming seasons ^rop, be issued 
to the fanners in all the Colom s , an 1 tlmt togetlier with these ques- 
tions, an inviUiti n he isHUfd to the farmers to fuiwail speciroens of 
whtat and other plants up n winch rust is lound growing, instructions 
for gathering samples, as Si t forth in App ndix II, f being issued at the 
same lunr 

15 Rcso’ved, that draft ('Opus o( all reports of investigation and 
cxj>eriinents which ar( mtended for prc^t-ntation at tlu next year's 
Conlersiioe, l^e circuUu d anionirst the various mtunbers at least a fort- 
night before Ht-Mioii. 

8}diiey, 8th June 1891 


App. C. ii. 


HI — BkpoBT or CoMMITTKR, ThIRH CoBlFBBBNrl, 

At the of the present sene*, of Conferem Ci*, winch was held in 
Melbi'urnc in 1890, to ronsiltrihe qiu-^tion of rtutt in wheat, it was 
recognised that the annual lua* in these i olonirs caiise<l by tbs ravages of 
the rust fununs were Trr> serious indeed It was estimated that iii the 
sras<m preceding that Conference, namely, the s4-ason of 1889 - 90 , the 
total Uma from this caufe in the Australuu C olonit-s could not have* been 
lees than The (onrtant prcuenro < f a j>i»st which annuallv 

causes such serious losses rcquire<l t n at deter mined and wcU-conaiderod 
measures sl>o<dd he taken for the subjugation i f the |»est, and jQstiffed 
the incurrence of an a/tequatw expenditure for the carrying out of iih- 
veeligmlioiii and ei}wrinn'nts with a view to enlarging the rornmou 
knowledge of the subject and of inttiating loeasiirss for leaseniDg the 
iwvngee oC the (lest At that Conference a gotd deal of the already 
existing knowledge about this subject was foLUss#-i| sod carefully consi* 
dsftd , bnt it was seen that this knowledge wea in some dire^tmiis of « 
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App. C. iiL vftgne and general character ; moreover, much of the information tendered 
was very conflicting and not based upon piecise and careful obser- 
vation. Bucb information as was precise and well-established, was 
published in the report of that Conference and distributed amongst the 
farmers ; but such information and opinions as were less certain were 
subjected the following season to the test of expei iinents conducted 
with as much exactness as was practicable. The influences upon the 
development of rust of various kinds of manuring, of treatment of the 
grounil, treatment of the seed, different times of sowing, different times 
of reaping, of the variety of wheat grown, and so forth, were put to the 
test or experiments, which have now i^xtended over two years. As a 
result of tne^e expei imenta, it has been very clearly shown that, amongst 
those foct^.rs in the growth of wheat which are at piesent controllable by 
man, by far the most important factors relate to the times of sowing 
and the varieties of wheat growm. Manuring and treatment of the 
soil, methods of cultivation, times of neaping, etc , have an influence on 
the development of rust, but the influence is, generally speaking, trifling 
as coinpaicd with the influence of the variety of wneaf grown and the 
time of sowing. It has been cloarl\ shown that there are several varieties 
of wheat which, except under very unusual circumstances, are never 
seriously attackeil by rust. And it lias also been shown that in many 
districts early sown wheats of a rust -liable kind gmerally escape damage 
by rust wdien the same wheats sown late sufTor serntusly. 

In view of these facts the Conference biis now^ directed attention 
mainly to encouraging tlie growth of varieties les^ lialdr to be attacked 
by rust and also to early sowing. this end it was bumd desnable to find 
out jm^oiselv what were the characteristics of those wheats winch are less 
liable to be attacked bv rust, and a step has been taken in this direc'tion. 
In the first place, the following claases have been made in which to place 
the various wheats : — 

Ftrxt Clasn. — Uust-proof wheats, l y wdneh is meant wheats which 
will ni)t ]vrmit the myctumm of rust to enter and feed on their 
tissues. Of such wheats there aio no known examples. 

Second CIa4$ -Rust-resisting wheats, b> which is meant wheats 
which in localities suited to their growth anti under normal 
conditions I'csist ai all seasons of the year either the entrance of 
the rust inyoehuin into their tissues, or its subsequent growth 
and oiitbursl. Of this class many examples are known. 

Ihird CIas9. — Rimt-linble wheats, by which is meant wheats whioh 
undek tlir usual condilions qf growth ofler no resistance to the 
rust Australian wheats now mtiatiy grown belong to ibis 
class 

Fomrik ust-eecaping wheats, that is to say, wheat* which, like 

Ihe thml class, arr rust-liable, but whioL, if sown at the proper 
time, iij»en so early as to be ready for harvest before the rust 
of an ordinary season can prevent a paying crojx 

Of iheae two claaaiHs the mt*sl important are the second and the fourth. 
The oharacloristioi of the second eUws, nanjelv. the rntt-reflistniit wHm^ 
have beoik fonod by ibonmgh and eloee examination of twelve rarietiee to 
be as follow* .—Firstly, the poeeesaioti of a thick or toogh skin, so 
that, alibmiigh the roat mTcotinm may enter the plant by maaae 
\ of m open stomata, yet it eanm»t break throogb the akin in onler to 
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mature and shed its spores, so that its further development is prevented ; 
and, secondly, the presence of a waxy exudation on the surface of the 
plant similar to the bloom ot fruit , this irxiy covenng when present 
about the mouths the stem ita prevents the rust mycelium from 
ei tering Wheats possessing tough skins and especially* if possessiq^ the 
toughutssof skin in eoniunotion with tht waxj bloom* may be gt own under 
all conditions mutable to tl eii normal growth without suffering 
seriouslN from rust. On the other liand, the rust-Iiable wheats, which 
are oharacteris^Ki bj the possession ol a thm and tender skin and often by 
the absence of bloom, can he giow n suocessfnlly during a rusty 3 ear 
nl> m one wav, namtU, b> sowing at such time that the plant shall be 
for onU a short period subject l » the attacks ot the rust fungus. As | 
to the proper tune of sowing such wheats, no universal rule can l>e given, 
sometimes these wheats rust the most when sown earlj and some* 

limes when sown late but in the great majority of cases whiwh have 
' en eiainined b> the Coiifc lence eaiU sowing has been ver> much the 
n ost n iccessfnl. And when m adiition to early sowing early maturing 
vsnetios are selected the loss due to lUst becoiiieH, taking the average of 
< x l>eTi0nc0H ooniparativeU trifling. With these facts now clearly and 
inilubitahly mtaliliHhed, one uia> laydown a course of action which, if, 
jiidicioush pursued, will ctilainU in great measure do away with the I 
lows caused rust I bus tliere are many, perhai s the raaionty of I 
V heat growing distmti where, if quu k-matunng wheats be sown early* 
the^. Ill nine (asen out often, esdipc damage bv rust. If then the 
farmers in these dislnotf, when the) have the opportunity of sowing 
eariv* should HOW such ranotieH aH Steinwedel ana Australian Glory, 
which are quick-growing wheats, or even s ich proliho wheats as Pill Bag, 
Katthng T( iji and Farmer m Frieii i which, while not being spaciall) 
qiiirk-growing^ are yet able to tmeape rust if sown early enough, they 
would run little risk of loss from rust 1 f* however, in such districts 
the farmer be prevented h) late rainn < r other causes from early sowing* 
then he cannot soa this clasH of wheat without running serious risk* 
We should then on no account sow these wheats, but only those belong- 
ing to the class we have dwenbod as mut-resisting n class which embraoM 
such well-known wheats as Blounts Ijambrigg (* xnept for coast die- 1 
tricts). Leak s Belatouika, Vic-tonan and gueensUnd Defiance, Wards 
Marshsirs White, hniitb h Nonpareil, Medeah* Talavers, Red Californian ' 
Town and Country, and Mummy In ti ose districts where the cropn! I 
whether sown early or late, are equally liable to rust, thou rust-resiatimt 
wheats alone should be sown at any time 

Praia the •bove it will Ik* undvretood thftt the principal meMore 
rMomtnaodod by tha CoiifirreDoe for dealing with tbo roat'peat m tha 
growth of auiUbla ranatiaa of wheat lint tbu w not tha only maaanra 
that naada to ba taken, for it baa been olaarly abuwn that tha yarietiea 
of wheat, both tba nut-raairtant and tha earlj iiiatnring, are apt to kwa 
tbeir deairabla qnalitiaa in tba oonna of time, aitd, rnoraoTer, aoma of tbooa 
vmneUen whiob ara auiUbla in regard to their ruft^resiatanoa and early | 
luatnnnc ara nnaoi table for f(aDeTal pnrpoaea owmg to tba poaaeaaion of 
otbar nndaairable qualitiea, and benea it i» neeeaMry that a thorongblj 
effiaiawt and arganued ayatem abontd be eatabliabad for tba mamienanaa or 
iiaproTaaMat af tba qnalttiea of amiable esiaUng ranatiaa, and for tba i 
pnuDatMn aad djatritmltan of new and iinprorad ranatia% and at tba 
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present Conference, now held in Adelaide, a definite scheme of an inter- 
colonial character has been proposed and diHcussod, and recommendations 
made for its innueJiate establishment. By means of this scheme the 
faniieis will liave distributed amongst them, time after time, as occasion 
may require, rust-resistant and ni8t-esca]nnLr wheats suited to their 
districts, tiu‘ good qualities of which wheats will have been ascertained 
and piov(‘d hy a stringent test befoie distriluition. 

The question ol the maihetabhmess (f iiist-n^sistant wheats has been 
considered by the Coi ferencc. It has been said that Australian millers 
will not 1)11 V them exce])t at leduced prices. Supposing such were the 
case, the e\il would ni t I e so great as that of the rust-pest, for it is 
I obvious that a crop of 11 bushels to tlie acre of a rust-resiatant wheat 
I 8)ld at 3s. per bushel would bp a very much ]>etter return than a crop 
I of 6 bushels 01 Ct be Binds to the acre of a rust-damaged crop sold at 45.per 
busln 1. But Hoim of the highest quality wheals of tht^ rust-resistant 
class liave been submitted to tne judgment of leading millers, who havo 
l)ronouiicea them to be of a good milling cbaia^ter. Many of the 
lehihtant wheats ])roduce giain containing a greater propoition of gluten 
than do trm uiflt-lialde wheats, which c mtain, on the otlier hand, a 
' greater pioportion ol sUiich. But that these haul and highly glutinous 
wheats produce good and nourishing flour has been shown by tho 
Conference. Bi< ad of good qual:t\ has been ihade from this flour, and 
tlu're seems 1 itlh‘ doubt iliut sm b bu‘ad is more nutritious tliaii that 
made from sla»cb\ wheats. Puibabh the beet bread can be made by 
mixing both claKspK whoa*, as m now done in England. When the 
\alne of ibese ban! glntinons wheats lHCom(*fi Tnor(» widt‘l\ known in th(^e 
Colon ii‘H, tbeie is nodonbt that a greater demand for thorn will spring up. 
In the meant nm‘, bov^evo!. it sliould be pointed out that there m already 
a ]arg«‘ and constant maiket foi tb(‘ class of iiar i wheats, namely, the 
export market, and the only I ondition neccasary for the exj>ort of this 
cbiss of wiioats is that they sbonld be grown in laige quantities, that is 
to say, in sbij h ads 

In'oraci t<» draw the attention of farmers to the rust-resistant wbeatfl, 
the Commit ice has this year drawn up a n solution msoinmending that 
j H(x*cial pxbihiU of ihetn* wheats sboula u» made at agiicultnral shows and 
' priRt»n offerod f u them, and it is d signilicant fact, and one which 
shows how the work ot the Conferences during the last two years has 
already l>onn' fruit, that at the agiicultnnil show now l)eing held at 
Adelaide two ver\ line and com pb te collections of this clans of wheats 
weie oxhih'ted, and priies were awarded. Tiiis is probably the first 
fxbibit of ihp kind in an> of tiie Cosmos. 

In connection with the qm*sti m of the market lalue of wheats, the 
Contrreni'v n>eom mends that the agricnltural dejiartment of each Colony 
should take to ChtHblisb a system of testing wheats in thie 

lab(>rait»r> and rcp-wiing th* ir v»lue l'> ihe farmers. Small mills for the 
rapid itsiting of lb. aaiiiplw havr alreaii^ been inveatad and brought 
into uae. 

In ejiaminmg the vmneiies of wheat now gr.^wn in the Colonies, the 
eunviction has (oroed rtisdf the OonfersiKV that, while in one of 
Uir great staple industries of this country namely, that of wool-growing, 
Ihv of sheep are distinctlx named, (ledigreea kept, and Ue rnlea 

af breeding well known ; in the cither great iodoatrj, nainelj. that of 
wh««t growing, inneh confnsion oiisU about vanetiee aod thoir nanwii^ and 
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mooh rexnaiiii to be Iwnt m regard io the mlee irhioh ehonld be followed 
in prodnoing and maintaining yarieties. Steps haye therefore been taken* 
in aocordanoe with a resolntion at the last Coufeienoe* for making n 
eoQiplets oollection t/ varietie« now in the Coloniet so as to oorapare 
them anddeoide upon a oonimon system of naiiies, and also experir lents 
hsTe been ooQimt*hoed tor enlarging our knowledge concerning rnlas for 
itnproring the qualities of wheats and fur producing new varietiee. 

While the Couimittee re*affinn their l^Iief that the rust-pest will be 
subjugated mainlf b 3 action on the liiiee above indicated* yet they would 
e3acourag8 the oonttnuHnoe of experiments in other directions* and espe* 
oialh in the direction of spraying The staieinentd made at the Sydney 
Oonferenoe concerning the fatal effects of various fungicides on the 
germination of the rnst-s^res ha\e l>een oonBrmed dnring the past acaeon* 
but the diffirnlties attending the anplioation of fungicides to wheat crops 
have not been wholly ovorooine, altnouirh progress has been made in this 
direction* and through the action of the Conference an important addi- 
tion has been made to tlie marhinci}* for applying f^pra^s to crops cheaply 
and On an extensive scale 

Ibe Committee consider it useful that questions similar to those 
issued last year, but shorter and fewer in number, should be re-issued 
to fanners during the coming s«-ason, and that returns should be called 
for by the Htatistical offices in each Colony showing the amount of lose 
sufTer^ from the rust. 

For the purp4»s« of formally embodying the abt»ve policy, the Com- 
tiiKtce rcooinmend that the lollowmg resolutions be adopted by the 
Conferenoe 

Seromm^ndutionM for the immediate atteniion qf Farm^rw, 

1 In previous years this Conference has drawn attention under the 
bead of Recommendations for the immediate attention of Farmerg to 
certain practical rules of provrd utility in checking the spread of rusts 
These rules have come U> the Conference as the personal experiences cf 
individual members and through oorrenpondenoe with the practieal 
farmers and wh<*at*gTOwers of evrr^' section of the Australian Colonies. 
Like all rules <>f amcultural practice* these recommendations are not 
to be taken as infallible * nor are they offered as specifics for the dleeaee 
which the Conference has been called to e«imbaU They no more than 
reprseent certain well-marked and clearly-defined iendenciee. But while 
it Si true that the farmer wboee ) racticea conform to these recommeiida* 
tiom Bkav yet be a sufferer from the rust contagion ; it is absolutely 
aistain taai he will safler in a much less degree than his neighbour who 
tn practice ignores theee dicta of the Oomerenoe. In this reapeci ths 
expsneDoas m the past; season but add force to tboee of prerlous years. 
Ths Conference therefor desires* without going io the length^ rspest- 
ing ths miss latd down in the reporu of ths Melboums sM Bydiisj 
msstingi, to rs-afflrm with slight mraifications ths suggsstioos insds in the 
reports thies msstings. Whatever other measures may bs sdoptsd 
hy the {srmtrs with the object of preventing the disesis entirdy sr of 
ss isb Um Rs further epre^ the practices hare sunsstrd may ae| 
wilhsHetj bs ignored. Them reoommendatieiis^ bnsiy sta te d, aeta» 
isBews*— 

L— lot!^ eowiog sad ths eulurslioo of early rlpmiaif serlii 

lU-»Hsrvaitbig vast-iafeelcd crops in the saiiy or 
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III. — The growth of sorts which local oaperienoes have shown to be 

rust-resisting or rust-escaping. 

IV. — The growth of wheat after fallowing, or after crops of a different 

order, agreeable to the true principles of rotation. 

V, — Thin seeding, with due regard to varieties and local conditions 
of soil and climate. 

Prizes for Wheats at shows. 

2. This Conference recognises the need of an awakened interest in the 


new facta bearing on ruat-registance, and believes that the agricultural 
ahowfl may contribute largely to this object. We therefore urge upon 
local societies the importance of ottering special prices for collections of 
wheats of proved value as rust resisbers. And it is further advised that 
these collections be kept separate from the general wheat exhibits, 
and that they be plainly labelled to the end that a wide publicity be 
given to the general subject, as well as to the characteristics of promis- 
ing sorts. 

Trial of Various Wheats^ 

8. This Conference believing that no such cereal as rust -proof wheat 
has yet been discovered, but that* as sSown from experiments lately carried 
out by importing different varieties from countries outside the Australian 
ColonioR, and by careful selecting and ornssing them within the Colonies, 
certain kinds nave l>een fouinl to constantly escape to a considerable 
extent the ravages of this p<^st, recommend^ a continuance of this work of 
I iniporiation, selection and crossing, with a view to securing \arielies must 
I likely to escape rust and specially adapted to the ditterent districts nf our 
I Colonies, And it having been found from evidence submitted to this Con- 
ferenoe tliat certain varieties i*f wtoai, bclievetl to be nist^resisting when 
i^rown in one locality, have Ruocumbed to this pest when grown in another 
loc4klity, this Conference considers that while it would not be justitted in 
specifying any particular varieties as possessi ug rust-resistant Qualities 
under all conditions, never! beleas particularly recommends the following, 
in the order given, as worthy of being gtown on a large scale 

A . — Recowmtndedjor Orounng on a Large Scale. 

I. — As rust-reaistant— 

(1) Ulount's Lainbngg (not in coast districts), (2) Lfoak’s, (8) Bela- 
tonrka,* (4) Ward’s Prolifio, especially the si ram known as 
Marahall's Whit**, (6) VicUTian Ueffanoe, (6) (Queensland 
lH*&anoe, (7; Smiib’s Nonpareil, (8) Udd^ah,* (9) Talavera^ 
(10) Red ^liforBtan,(il) Town aud Country, (12) Mominy. 
11. — As prolittc and moderately resistant — 

I (1) Kill Bag, v2) iiailling Tom, (8) Farmer’s Friend. 

111.— -As rnst •escaping, if sown early— 

I (1) Btemwed», (2) Auatrmlian Glory. 

, B. — Mrcom fmr m d ed forfUrikmr 7Wai on • Small Seale. 

j I. — As nisl*resi*taut — 

S d) Fluorspar ,t (2) Blount's Fifs,t (S) Fults^f (4) TVmnuimt^ 

j (6) Niagara, (6) Improved Kife,t (7) Bega WlMit, 

{ * Msiserlis ssA MeMsh ais wperi^llj M < e w anu d# a for kox duirtsta, •IUmt la |4s 

' latsrlor or mm IW toart 

j ♦ or IM shsfa n»ot«eet. aftoeef^ fllr. FsHt, laifrvreS Fill, seS HwatlniiS spi 
I am lesMsMeM for eessi nuisiA. 
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(8) Anglo-Auatralian* or Anglo- Canadian, (0) Manrtobaf 
QO) Squftro'headed Sicilian, (11) Sicilian Baart,^ (12) 
Clark/» Ruat -proof, (13) Hornblf^ndejt (14) Pngh 'a Rust- 
proof , I 3ummer Club. 

II. — Ab ruHt-eacaping — 

(1) Jacinth, (2) Quart'/, (3) King's Jubilee, (4) Square-headed 
Sicilian, '6' Early Para, (6) Australian Wonder. 


App. C. iti. 


Pecomm^nffationg for Goi^emment Action^ 

4. Rssolvbd. — T hat it ir deRirahle that a practical system for the 
production and distribution of ruHt-resisting wheats HuitabJe to diflPerent 
districts should be im mediately establinhed, and this system should, sub- 
ject to modifio»ti(»na needed by enoh Colony, be conducted on the follow- 
ing lm«i ; — A central station for each Colony for the preliminary leeting 
of new wheats introduced into the Colony, for the production of now 
varieties by cross-fertilisition and by srdeetion. and for the distribution 
of suitable wheats thus obtained to represtmtativo districts of the Colony ; to 
be there subjected to a sufficient test and, if necessary, fixed in their charac- 
ters by farmers and others competent for the work, and that snob wheats ' 
as pass satisfactorily this test should then be distributed to the farmers 
around in such a manner and h\ such agency os would be most suitable 
to the conditions of each Colony . 

Nomenclature, 

6 RlsoLVKii. — That in connection with the inter-colonial exchange of 
seed now being carried out steps be taken foi the prtmer naming of the 
different varieties of whtat, and that I>r. Cobb, Mr Farrer, rrofessor ' 
Lourie, Professor Shelton, Rev. H. E Thompson, and Mr. Pearson bo , 
appointed a committee for tin* purpose. 

Experiments^ 

C. The Conference re-affirms the desirability of continuing experi* 
ments and inquiries in directions such as were indicated in the sixth 
resolution of liuit year's Conference. The subjects for investigation fall | 
under the following headings 

(a) The effeet, as regards rust, of manuring. 

(&) The effect of applying lime, salt, and sulphate of iron to the soiL 
(c) The effect of spraying. 

M RfTeot of different modes of cultivation. 

(e) Effect and economical application of drainage 

(./o Expedieoey and best uiethoda of using infected straw. 

(g) Efficacy of burning all straw, weeds, and other plants in the 
infected field, and of using other disinfeotiog sgenoies with s 
view to d^t roving spores. 

(4> Bdative value of mat 'shrivelled and plutop teed. 

(•) Belstive valiie nf different varieties cd wheat. 

(l) filfeeta. as regards rust, of different times and modes of sowing. 

(r) Effect of different times and modea of reaping. 


ui4 SicOUa Bsart m rvcomtMroSsd tor «msI m well a« fbr 

f OI tSe sSm Bloee«*s nfe. Fmitr, Iwpeevetf rtfs, eaS ■ s taM aiSi 

ae* ri n a w iSi S isr ee— t itiitrteWL 
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{1) Investigations regarding plants that aot as intermediary lu^sts and 
re^rding all plants that are a£Eeoted by rust in the dilferent 
Cdonies. 

{m) Investigations i\s to the earliest stage of wheat in which the fungus 
may e fleet an entrance. 

(a) Investigations re^rding any insects, such as the recently discovered 
grubs of a Diplosis, which feed upon rust spores and may be 
instrumental in spreading the pest. 

(o) Investigations in regard to the influenoe on rust of interchange of 

seed between suitable localities. 

(p) The influence which the growing of seed in hot climates has on 

the early maturing of wheats. 

(S') Investigations in regard to the etfect of mixture of seed iu the 
development of rust. 

(r) Macroscopical, microscopical and chemical examination of varieties 
of wheat in order to uiscover the characteristics of rust-resisting 
wheats. 

(^) Trials of various Leguminous plants from various parts of tlie 
w^orld, suitable for introduction into rotations in the ditferent 
distnotH of Australia, and especially into the wheat-growing 
diBlriots of the dry interior. 

(<) Investigations in regard to a standard of rnstiness and in regard to 
some more pnMUs^* method of comparing the degrees of rnstiness 
than the use of vague ex;pre8sion8 such as “slightly rusty/' 
“ rusty,*’ and “ very rusty.* 

(ii) Determination of the particular kind of Puccinia affecting the 
crops in different districts and the damage done by each. 

(c) Invostigations to determine the presence or absence of the rust 
fungus in the seed. 

(w) The effect, as regards rust, of the treatment of the seed before 
sowing. 

Que9tion$ to Farmen. 

7. R BIOL v ID. — That the follows »»g series of queetions on rust in wheat, 
relating to the coming season's crop, be issued to the farmers in all the 
Colonies 

At the Inter-Colonial Conferenoe on Rust in Wheat, held in Adelaide 
ID March it was reoommouded tltat the following queetions 

be sub milted to the wheat-growers of Australia. Special atteniioQ 
I is called to tlie fact that tlie questions cover in part tk« same 

ground as those issued last ear. It is hoped that tne experiments 
and disonssions resulting from the queetions of last seaaon have 
given rise to more valuable opinions amoug wheat-groweri^ and 
that therefore all growers who undertake to answer tlie quftitwti* 
here submitted will be even more particular than formeiijr to give 
asoomnleie and axaoi luformation as poaeible, even though tnforaa* 
tion ot a similar kind was forwarded last year. It is mqiinstod 
that the answers to these quesUons be sent in not later than the 

tlst January, :~ 

Mame 

Addrcaa of farm 

j Parish 

Oounlyar Diviswi 
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(1) How ntany acres of vonr land were tinder wheat this aeason P 

(2) What portion of this wss datnaged bj rust, and what was the 

loss per aero on that portion P i 

(8) What Kino wieon have 3 on had this year? 

(4) Give the dale when the first 8pe<*k of ru«t was observed ir jour' 
crop 

(6) Give the date when the rnst spretd thronghont your crop so 

as to d<i damage. 

(d) State the kind of weather at this time. 

(7) What was the time of sowing the 8<^edr Was this early or late 

for the district P 

(8) What kinds of wheat did you grow this year P 

(9) What varieties have you found this year most affected and least 

affected by rust P 

(lOJ Did the rusty crop start thinU thickly on the ground? 

(llj Wliat has l>eon } onr experi* noe thi*< season with shrivelled seed 
as oompttre<l with phi nip aoM P 

(12) Did \ou cut any of >oiir rusted crop in the dough stago P If 

so, what a ere the results as to yield P 

(13) Does wheat from coKler or warinei^ wetter or drier districts, 

suffer most from rust with you P 

(14) Name any <>‘her plauts, and especialh grasses, upon which you 

have observed rust. If possible, send samples of such plants. 

(16) What results liavo you obtained from any measures of prevention 
you may have trie<l P 

(16) What kind of soil and siih soil have >ou P 

(17) Is there any other information you would like to give P 

Puhl'cation of Report* on Rrp^rimtntt, 

8. Rbsolvbd — That it is ui^irahle that rrporta of the coming season's 
loqnines and sipernnentH in each Colony l»e published by Urn respective 
Govemnients in the crdinary drparlnienthl publications, and that an 
inter-eolonia] exchange of these reports be effected in the usnal way. | 

Adelaide ; March 12thp 1S92. I 
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IV.— KbPOBT of COMMITTBS, FoL BTH CuVFBEBVtB. 

It eeems proper that this Conference should give to the pnblie oe^in ) 
facts regarding the evolution of the work it now has in hand. It will be 
r»B>eiBberaa &9i tbs senes of Australian Confereocea on Rost in Wheat, 
of vkieh tbe present is the fourth, is the first of the kind ever held. 
Preeedenta that might serve as guides in the work that wae expeeied of 
then were, of csour^e. entirely wanting. U has bem neoeaaary, therefore, 
not merely te deriae irethods of work, but the meana by whieh^ plajii 
were gtyen effaet to hud, ia many c a s es , to be oreatsd. Tbe C^far* 
ease h^ no inbereot powers by which it could ereato new faots. Until 
qaite fsesatly it has bad to rely for its facts eoneeming the moia piae* 
tkal beamga of the problem it has had to deal with upM sfiawera to 
qaearioaapai forth by tbs Departments of Agriealture of sevaial | 
Oakaiisa. Thsas rsptias fr a ts ortea very aaoful, bat often thsr wata 1 
•MillMliag .ad inabmt. It w$m bit. iliMat btm tW Irat. ttat Om | 
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App C. iv. Conference must tftkt steps to create a mass of experimental facts that 
would have an und(mbtea bearing upon the w< rk in hand To this ena 
its members liave carried out a vast and most con piehensive scheme of 
experiments, scienti ho and praotual, the details < f whicli occupy much 
of the volume of reports that have been given' to the public. 1 his 
experimental work lias covered subjects of which the following are a part 
only — 

(I) The 1 elation tf applied manures to the spread of the lUst con- 

tagion 

^2) Effect of fungicides applied in spraying 

(3) Effect of oultnation 

(4) The charactei of flag and straw of wheats as influencing the 

spread of the disease 

(6) The extent to v'^hich the lust spores adhoie t< seed vvheat 

(6) Microscopical, chemical milling and baking tests of wheats, 
made with the pin post of determining the relation of rust- 
resistance to known qualities 

(7j Influonw « f msiHrts as tamers of rust spoTos 

(8) Deiei nunation of the particular kind of Pucemta affecting crops 

m different districts 

(9) Efftot (upon iu« ) tf different tnneH and inodes of sowing wheat 

(10) The treation of lust-iesistant sorts h}^ cross-fertilisation and 

Boleotion 

(II) The relative ^alue of different vTinetutB of wlieat. 

In oarrving out tl»e experiments of which tlu above is an outline, 
members of the Conference have unanimouslv lioen led lo ^he c-onolusion 
that efforts in tins direction may most liopefullv be turned towards the 
«tud\ of the wlieat plant itself We recognise that the wheat | lant is 
naturally endowed with certain ouHliLies active or latent, which are 
susceptible of develojnnint to such a dtgrtv.* as lo make it, to a very great 
ext( nt, proof against the attacks rust EvideiiLo has been presented 
to this Cctiiferenoe ihat, as far baca as 1S67, tl»e rust-resistant powers 
of oartain varieties have been recognised bv practical farmers of the older 
wheat -growing Colonies. Ac mg npoii their own success and failnres, and 
the available tacts of praotiosd life, the mtinbers of the Oonferenoe have 
been led step by slt^p as by a common impulse, to direct their efforts, 
slinnsi eiolusivelv, io the work of bringing to light those sorts which 
posssits in the idgbost rust* resist ant |>cwer. In this way^ the 

rap«t4tJ ol tbs Conference have to be, almost exclusively, a record 
of the work of lU members, and latterly (rf efforts put forth to develop 
or discern this quality of rust -resistance 

The pri»pftrtioiiR tbn neir work has assumed under the hands of the 
re p maentaUves vf the sevarat Cohm»es may be gathered from a few brief 
etatments of faoU — The repreeentativee of New 8oQth Wales have an 
expaanicqstnl h«t of somethtog over 600 vanetiee . Victoria 816 , dontk 
Auatralia, 840, Tasmania. 160, and Queensland, jii60 different serin. 
All lokL the frerntb and hebavionr of no fewer than 600 diflercDt sorts 
of wheat have btoa under ssammalion bv the difTencnt lasinbers of the 
Oonferenoe duriM jear last past, fluA the labours iuroKrpd in these 
eepertineutal nnooriakii^ ere fruitful, and for ihe pireeent full of 
mimim of lai^ ihuifi in the mar f oiure, u sbown br the faole jrivoa 
below fw^eoihif old eetiMiebed and oo m pa mlm lv welh-kaowa eorMlea. 

V. m. 
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Bj the use of new and unfamiliar aorts the list gi^en might be greatly 
lengthened 

In »ll the five Colonies that have been represented at these Conferences 
the following vsirie /<> enjoyed more or less immunity from rust 
attacks . — ^mpiovedTife, Blount's Fife White Fife, Blounts Lamhrigg, 
Marabair^ No Tourin dine. Pringle's Defiance, Fluorspar, Allora Spring, 
Hornblende, Sicilian Baart and the vano is Dnruins. 

A like nnanimiU is shown in ics^t to the sorts which have meet 
readily succumbed to the disease Phis list, of course, is too long for 
reproauction here It is suthoiont to sav that the most pronounced of 
tbenc an* the nmnerouH prolific members of the Purple Straw family withy 
among others, the Golden I)rop, luscan, and Velvet Chaff varieties, aU 
ooi>necte<l by oertaio a^hniUas, the most pronoiinoe<l of which are a large 
cropping capacity under favourable conditions, extieine whiteness and 
plainprieiw. with a corresponding granular structure 4»f gram indicating 
the presence * f niucli starch 

One of the noticeable remits of the labours of the Conference is seen 
in the present hopeful view < l the situalnm — as to lust contagion — now 
talxen h\ praotual men The number of persems who believe that 
i'Oniplete immunity from rust in the wheat crop will be secured is, 
(lerhaps, as few as ever, hut the existence of the feeling that the disease 
may he minimsed <»r so cotnpletel3 held in iheok that the loss from it 
will he 4»man, is n >w all hut unuersal 

The ohstatMes to the final success of the work of tl^e Conference and 
the nature of the ohf«tarl<'s likely to be encountered in the future are 
suggested by the following facts — 

(1) The varieties which suffer most from rust, among which the 
disease is most «Nudy cotniiuinioahle, are the highly 

starchy, and often prolific sorts made familiar in the practioee 
of Australian fanners 

(21 The sorts least snsoeptible to the riiMi disease, that are most 
strongly resistant thereto, are generally hard or homy in 
texture, and often, though not always, dark in colour. 

(3) T^se really nch wheaU are constantly discriminated against 
by Australian millers, whose machinery, it would appear, is 
ina^leoiiate to the work of auGCessfully manipulating them, 
and who, to a certain extent, set the fashion in fioura 

It has been brought to the altetition of this Conference that variatias 
of wheat, which in America and Euro|)e are aooonnted d first valoa, 
from which indead a large part of the Aour of oommeroe la made, and 
which in Australia Have shown themselves nosaeasad of mat nui«ra* 
siatant power, are heie, by millersy placed so low in price tMt thair cnl* 
livaiion is rendered unprofitable. It is incredible that thaae haidj, high* 
Quality, red and amber wheats sbsU be forever excluded iron Aaatn^ 
Uan agriculture, that Austimlian fanom sm doomad, aa it warty to 
culUrate only thcae varieties which are whitest — nebest in staiaib~ 
kact nntritiona, and which essieet fall prey to the mat d is ease, fitmlv it 
is aalr rmsruhln to expeet, m view nr the vast intsres ls involvady tMl 
tlia eoorta of this Confsrsnaey looking to a camnoo nsdssataadiiif aaamf 
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fan a wraj nHsrs, and iba aesentifie men who have dvaa diiaatin ta , 
uQSli cf these axperinmial efforts, aboald be heartily s eeond sd by aU 
iatsMisd* Wa thmfaray m this s p eata l menaar. dmat attaatiM to iha 
isaslertn ghw fcrihsr oa, whiab sugf wsis an Inlor-CalMiai Omfsansa * 
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of millers, producers, and scientific men for the consideration of the ques- 
tion of the milling qualities of rust-resistant wheats. 

This Conference desiies to empliasise the recommendations of previous 
Conferences of tins series The effect up »n the development of rust of 
manuring, of treatment of seed, tiroes of sowing and reaping, are doubt- 
less, under certain circumstances, often considerable , but taking things 
I by and large, they must be reckoned as trifling, compared with the in- 
fluences of variety and time of sowing We have shown conclusively, 
in the experiments of a serie*^ of years, that certain varieties of wheat 
are rarely, if ever, seriously affected by rust. Many other sorts, again, 
of a rust-liable kind, generally escape tlie rust wh^n sown early, buo 
suffer seriously when late seeding is practised. 

Tiie importance of distinguishing clearly varieties likely to suffer or 
escape the effects of rust contagion is recognised bv the Conference in 
the appointment of a Nomenclature C >mmittee, whose work in this 
connection is shown in their report herewith. Preliminary to the work 
of this Committee, the following cIhssps have been made, in which to 
place the various wheats : — 

First CToj#.— Rust-proof wheats, by which is meant wheats which 
will not permit the mycelium of rust to enter and feed on 
their tissues Of such wheats theie are no known examples. 

Second Class , — Kust-iosisting wheats, by which la meant wheats 
which in localities suited to their growth and under normal 
Conditions n^sist either the entrance of the rust-myoelium into 
their tissues, or its subsequent growth and outburst. Of this 
eliSB man> examples ate known 

Third Clan — linst-liahle wheats, by which is meant wheats which, 
under the usual conditions of growth, offer no resistance to the 
rust. Australian wheats now mostly grown belong to this 
class. 


Fourth Class. — Bust-escaping wheats, that is to 8^3^, wheats which, 
like the third class, arc rust-liable, but which, if sown at 
the proper time, ripen so early as to be ready for harvest 
before the rust of an oril)Dar3 season can prevent a paying 
crop.* 

Of these four classes the most important are the s«oond and the 
fourth. The characteristics of the seoond class— namely, the rost- 
resistant whMta, have been found by a tliorough and ejose examination 
of many varietioi to be as follows First, the poseession of a thick or 
toagh skint ao tous^ that, althoogh ,the rust iDjroelium may enter the 
plMl hy nioana or the open 8tomata» yet it oannot break throngh the 
skin in order to mature and shed its sporea, ao that its further deveiep- 
moot is prevented ; and, second^ the piBoence of a waxy exudation on the 
•nrfaee ot the aimikr to the bleom of fruit ; this waxy eovering 
when present aooni the moutha of the atomata prevents the rnst myeelmm 
from entering. Wheats pa ssem ng tough skins, and eapeeiHny if yirntm 
ing the ionghnesa of akin m eonjunotion with the mmxr bloofn, may be 
gn^wn ind^ aU eonditiona enitahle to their normal growth wtlhoni 
enflSirmg eerioady from mat* On the otW hand, the n»at*liable wheals 
whtoh a^s elianoteriped by the poeeesmon of a thin and teodm skint 
and often by the aheenoe id bloe^ ean he grown eoeossifii&y dnring 

HttSi Uhstf a afth e ls e s na wsiy. prapwlj Se aAM, 
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8> rusty year only in one tray, namely, by sowin? at snob thno that App C** Ir, 

the plant shall be for only a short period sub^t to the attacks of the mst 

fungus As to t) e p' time of s wing such wheats no universal rule oan 

be given ‘^omeiimes'iresc wheats escape rust the moat when sown early 

and sometimes wlien sown late but m tlie ^eat majority of eases 

which have been txammcKl by the (’onf«‘ronce, early sowing has been very 

much the more successful And when, in addition to early sowing, eorlv- 

maturing varieties are selMted, the loss due to ruse becomes, taking the 

average of exwrienoes oompamtivel^ trifling With these facts now 

clearly end indubitnblv estahlished one mav lay down a course of action 

which, if ]udi( lou sly pursued will oerta nlr in great measure do away 

with this losses caused bv r lat Thus there au mam, perhaps the majority, 

of wheat-growing districts whtro, if qiiioK-maturmg wheats be sown 

earlj, they in nine oas/^n out of tin escape damage b\ rust* If, then, the 

farmers in the^^i districts whm tli> hav< ihi opportunity of sowing 

OH Iv sliould HOW sue )i x-aru til H BH SUinwedil and Eaily Psra, whioh 

Hre quick growing wheats, or i ve n hucIi prolific wlioats as Huds >n*fl Early, I 

Purplt Straw lalavera, i r VV hit( Lanimas, which, while not being specially 

quick -growing, are ^et abl to (scato rust if sown early tiougn, they 

w ould lun little risk of losn from rust If how<\ei, in such distiicts 

the fanner be pievented h^ lati nuns e r other causes from early sowing, 

then he cannot sow this class of wheat without running serious risk Ha 

should then on no account sow theses wheats, but only those belonging to 

the cIhss described further on «h rust-resiHtant 

From the above it will be nnebrstnod tl at the principal measure recom* 
mended bv the Conference for dealing with the rust-pesfc is the growth of 
an liable varieties of wheat But this is nor the onl^ measure that needs 
to be taken, for it has been clearly shown that varieties of wheat, both 
the iTjsl- resistant and the esrly-instiirinj-, are apt to change their 
character in the course of tune and moreover, some of those varietiet 
which are suitable in rtganl to tlnir rust -resist a noe and early-rnatar- 
ing are unsuitable for ge leral purposes owing to the possession of other 
utidesirshle qualities, and hence it is necessary that a thoroughly efficient 
and ergantsiw BTstem should bo establishid for the maintenance or 
improvement of the qualities o( suitabb eiistiog vanetiea, and for tlie 
prodnction and distribution of new and unproved varieties, and at the 

C vent Conference a definite scheme of an in ter -colonial oharaotcr hae 
o proposed and discussed and reef »mroendat tons made for its immediale 
estabbshment By n cans of this scheme the fanners will have distnbuted 
amongst them, time after time, as occasion may require, mst*reeistmit 
and nist-eooaping wbeaU suited to their disinots, the go^ qualitieo of 
whtoh will have Von ascoitaxned and proved by a stniigeDt teal before 
diatribetiow. 

Iba qoeation of the marketabloneas of eertain mst-reeistant wbeat 
Yarn bam eomidared W tbo Confereneo. It baa already been atated that 
AaaUalian mQlsra wiJi not buy them except at redue^ prieea. 8appoe- 
tng anoh were tb« aasr, the evil woold not be an great oa that of the fwa^ 
peat, for H la obvioua that a emp of 14 bnahsla to tba am of a 
rmt-tMatani wbeat sold at 3# M per boabal would be a very mimb balte 
raiam ibaa a emp of 5 bnsbala or 6 baabala to tbo am of a rail* 
damaged erop aaU at 4#. par boabeL Bnt aom of tba higfaaat maUly 
wb e ata of tba mat raaiatamt alaea bare beta aabmittod to |migwiiaf 
of leadiag who have pronounord them lo be of a gnM arfQii^ 
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eliarajoter. Manj of the reflistant wlipata produce grain oontaining a 
greater proportion of gluten than do the ruBt-liahle wheat?*, which con- 
tain, on the other hand, a gie.iter proportion of etarch. But that these 
I hard and highly glutinoiie wheatK produce pood and noarishing flour has 
been shown by the Conference, Hread of good quality ha^ been made 
* from this flour, and there seems little doubt that such bread is more 
I nutritious than that made from ^tavchy wheats. Probably the best 
I bread can be made by mixing both classes of wheat, as is now done in 
I England. When the value of these hard glutinous wheats becomes 
more widely known in these Colonies, there is no doubt that a greater 
I deniand for them will spring up. In the meantime, however, it should 
be pointed out that there is already a large and constant market 
I for the class of hard wheats — namely, the export market — and the princi- 
psJ condition neoessarv for the export of this class of wheats is that 
j they should be grown in large quantities, that is to say, in shiploads. 

In connection with the question of the market value f>f wheats, the 
Conference recommends that the Agricultural Department of each Colony 
should take steps to establish a system of testing wheats in the laboratory 
Hiid reporting their value to the fanners. 

In exatniniug the varieties of wheat now grown in the Colonies the 
conviction has forced itself upon the Conference that, while in one of the 
great staple industries of this country — namely, that of wool-growing — 
the breeds of sheep are distinctly named, pedigrees kept, and the rules of 
breeding well known ; in the other great industry — namely, that of wheat- 
I growing — much confusion exists about varieties and their names, and much 
remains to be learnt in regard to the rules which should be followed in 
producing and maintaining varieties. Steps have, therefore, been taken 
in aooordanoe with a resolution of previous Conferences for making a 
complete collection of all vanoties now in the Colonies so as to compare 
them and decide upon a coniinon system of names, and also experiments 
' have been com me need for enlarging our knowledge concerning rules for 
I improving the qualitu*s of wheats and for producing new varieties. 

For the purpose nf fotmally embodying the above policy the Committee 
roootnmends that the following leaolutions be adopted by the Con- 
forsnoo : — 


Rtfkwm^ndaHonM for tho Immediate Attention of F armere. 

1. In provious years this Conforonoe has drawn attention und^ the 
head of Hero nunendi lions for the Immediate jy^ttentlon of Farmers* 
to cert*«in praokical lules of proved ntility in obecking the spread of rusts, 
^eae rules havs come to the Conferenee as the personal experienors of 
individual mem\>sra, rad through correepondenoe with the praoiioal 
farmers and wheat-growers of every sscU*'n of the Australian Coloaiee. 
Like all rales of agncnitiiral praetiee* thsoe rroommendationw are not lo be 
taken as infUliblr, nor are they offered as spMfice for the dtaeass whieh 
the Conferenoe has been oalkd to combat. no more than represent 

oertain wdl«marked and elearly dedned leadeneeas. But, while it is tnie 
that the farnwr wh<«e praetioes roaferm to theae reoamaiiendatiotia mnj 
ywl ha a inffefwr froa the mat rontaf^. H is ahenlntrij rariam that be 
wiD saffar in a mark Us degree them hie neighhonr who in prartiee 
ig aa ias these dkta of the Oowforaffna. Is this reepeet the encrie^ of 
I & pa^ aeam hnl add forae to thoM* e< pvawicma yearn. The OsBfwsM^ 
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therefore, deeires, without going to the length of relating the rales laid 
down in U e reports of the Mell>onrne. S^dficy and Adelaide meetings, to 
re*afiiini with »ligh^ inodifioation the suggestions inade in the reports of 
thoHO meeting. VV i^.,^ver other measures in«v be adopted bj the farmers 
with ilie object f.f preventing the diseise entiiely or of arresting its 
further spread, the practices here suggested may not with safety be 
ignored. These reocimmendations, briefly stated, are as follows : — 

I. — Early sowing anti the cultivation of earh -ripening sorts. 

II. — Harvesting rust infected crops in t)ie earlv or dough ” stage. 

IIT.- Mie growth of sorts which local experiences have shown to be 
rust-resisting or ruMt-escaping. 

IV. — The growth or wheat after fallowing, or after crops of a different 
order agreeable to the true principles of lOtation. 

V.— Thin seeding, with due regaid to varieties and local conditions of 
soil and climate 
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PriMes for Wheats at Shows. 

2. This Conference recogni'^es the need of an awakened interest in the | 
new facts bearing on rust resiatance, and believes that the agricultural i 
shows may onntiihute largely t^) this objt»ct. We, therefore, urge upon | 
local societies the iniportanoe of ntlenng .spet’ial prizes for oolle'otions of 
wheats of piow'd value as ruft-rei'isters , and it is further advised that 
theae c<»llection^ he kept separate Iroiu the general wheat exhibits, and 
that they be plainly labelled, to the end that a wide publicity he given | 
to the general subject, as well as to the ohaiacteristics of promising 
sorts. 

Tried of Various Wheats. * i 

3. This Conference helioy'ing that no such cereal as n ist -proof wheat ' 
has yet been discov^ied, hut that, as shown from experimonrs lately | 
carried out, by iraF^oi ting different varieties from countries ontside the 
Australian Colonies, and by carefully selecting and oroseing them within 
the t'olonits, o<*rtatn kinds have IsHm found to constantly escape to a 
ooniiderahle exlrnt the ravages of this pest, recoinmemls a oontiniiance 
of this work of importation, selection and crossing, with a view to i 
securing yarietir* most likely t/> eecape rust and sp€>oiaIly adapted to the 
different dietnets of our Colonies, And it having he»*n found from * 
evidence submitted to this Conference that certain varieties of wheat, 
belieaed to be rust -resisting whm grown in one locality, have siicoumbed * 
to this peat when grown in another locality, this Conference considara ^ 
that wfiile it would not be justifled in specifying any particular varieties 
as pcesessing rust-resislant qualities under all conditions, neverthelras 
particularly recumtnends the following in the order given as Wf»rtbj of 

grown on a large scale : — 

A . — Becommeuded Jbr Oromimg on a Lar^e Scale. 

1^ — As raet-resistant — 

(1) BI/hibi • Xennbricg, i2) Leak's, iZ) BeIotwfirk%** (4) Waid'e 
PnliAe, MarsbelTa Wbit#, Cutting l>awns liiut-reeielMA 
MartKall*« S. MaraKnll'* g, fMlanee < 

.. * y "* " ^ sr setsM l fsteraMdUd tor hsf OWirlsie, eittMrr i» tlw Metier sr sa j 
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II. — As prolific and moderat«dy lesistant— 

Talavera. 

III. — As rust-escaping if sown eaily — 

(1) Allora Spiing, (2) Early Pars, (3) Hudson’s Karly Purple 
Straw, (4) Karly Baart, (5) Velvet PeaTl. 

IV. — Quick^maturing wheats for late sowing— 

(1) Allora Spring, (2) Velvet Peail, (3) Canning Downs Pust- 
resistant, (4-) Eaily Baart. 

B. — Recomm^nied for further Trial on a Small Scale, 

I. — As rust-resistant — 

(1) Fluorspar, (2) Blount’s Fife, (B) Fultz, (4? Tourmaline, (5*1 
Niagara, (6) Improved File, (^7) Anglo- 'Australian or Anglo- 
Canadian, (8) Manitoba, (9) Squaie-headed Sicilian, (10) 
Sicilian Baart, ** (11) (.larke’s Unst-proof, (12> Hornblende, 
(18) Summer Club, D'ArblaVs Hungarian, Australian Wonder, 
Bearded Herisson, Marshall's 4, 6, 7, Hercnles, Maishairs 10, 
11, 33, 36, 17, 28, 26, Battlefield, Marshall’s Piolific, Thomas* 
Bust-resistant, Wlnte Fife, Wheaton's Itust-proof. 

II, — As rust -escaping — 

Q) Jacinth, (2) Qusrtz, (8) King's Jubilee, (4) White's Velvet. 

Becomm* ndations for Government Aetion, 

4. Resolved. — T hat it is desirable thst a practical system for the 
production and distribution of rust-resisting wheats suitable to different 
districts should lie immediately established, and that this system should, 
subject to modifioations neodea by each Colony, be conducted on the fol- 
lowing linos : — A central station for each Culony for the preliminary test- 
ing ot new wheats introduced into the oidony, tor the production ot new 
varieties by oros^ -fertilisation and by selection, and for the distribution 
of suitable wheals thus obtained to representative districts of the colony, 
to be there subjected to a sufBcicut test and, if neceseary, fixed in their 
oharaoters by fanners and others competent for the work, and that such 
wheats as pass satisfactorily this test sbonld then be distributed to the 
farmets around in such a manner and by such agen^ as would be most 
Buitable to the conditions of each Colony. This Conference desires to 
place on record its unqualified approval ox the course adopted by the^ov- 
emmeot of New Bviath Wales in establishing a central wheat station and 
encouraging a number of farmers to grow pure seed-wheat true to name 
ou a Oignmercial scale. 

A'osiesc/afiire. 

5, UmsoiTWD. — Thai in eonneciion with the inter-oolonial exobanM of 

ased now bcini; carried on, stm be taken to continue ike work ^ ao 
IoUr4.^loni*l Nomen^ivra Committee, and ibat such Committee be oom- 
posid as at prcoenU Dr. ikibb(t‘liairiiianh Mr Fairer, Mr. McAlpme, 
Kofiwstr mdion, Mr* Marehall, and Uev. H. K. Thompson. That ^ 
moredelegatoafrofaswob of atUast three « Colonies sliall eonatitnU a qs 
for the bosinem pnipeat of Uiie Committee. 


Haart w ntum a m rn d mi tsr eossl as as tor t a lsHif Oisirtete. 


■f.WS. 
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E^ptnmtniB App* Cf* !¥♦ 

6 The Conferenoe re-affirma the deairabiliiy of continuing experiments 
and inquiries in dirf'A^ ons such as were indicated at the Adelaide Confer- 
ence The ^ubJeot8 for investigation fall under the following headings •— 

(а) T!ie effect* as regards rmt, of manuncg 

(б) The effent of applying lime, salt, and sulphate of iron to 

the soil 

(c) Effect of diffeient modes of oultiiration 

(</) Effect and e<(noinioa] application of drainago | 

ic; F fficacy of burning all straw, wteds. and other plantain the 
infected held, an 1 of using other disinfecting ageiu les with a 
> lew to destroying spores 

^ Relat ve value of rust shrivelled and plump seed, 
fr/) Helative value of different xanetiesof wheat 

(A) Effect as re^aids rust of different turns and modes of sowing. 1 
Effect of different turns an 1 modes of leaping. . 

(/) 1 m estigations regarding plants that act as inteimediaiy lusts, | 

HI d regarding all plant<i that are iiflfeotid h> lUst m the difler- | 
ent Colonies 

(i) Investigations as to tin oirliest stage of wheat in which the 
fnr gus II ay efhet an entrance 

(/) Investigations regaiding an> insects, such as the re ently dis- 
covered gruhs of a j)/p/oBiB, whuh feed ipon nist-spoies and 
ina> be instrumental in sproadiiur the pest 
(m) Investigations in regard to the influence on rust of interchange 
of se^ between suitable localities. 

(ji) The lufiuenoe which \he growing of seed in hot climates has on 
the early maturing of wheats 

(o) Investigations iii regard to the ehfeot of mixture of seed m the 
development of rust 

Micrneeopical and chemRal esainmation of vanetuaff wheat in 
order to discover the oh amet eristics of rust-r< stating wbeata. 

(y) That in expressing the rustiiiMs of a wheat plant it is desirable 
to state whethtr the rust occurs on tVa flag, sheitli, or s^eni , 
and that the amount of rust in any of these loealitiea is best 
expraased tn tanns of the amount of aurfsea ooverad by 
the rust. 

(/*) Deteriniuationa of the particular kind of Ptfcctfiia afleoting tha 
crops in diffarent dintncts and the damage done by each. 

(f) In vest igat ions as to the relation between tha variety of wheat and 
the time of attack by the rust-f nngua. 

(/) Invaatigationa to datennine tho presence or absence of the 
ruat-fnngua in the seed. 

(a) InrestigatioBs ooncemii g tha ability of oartam wheats to 
cBdaia tbs mat disenae without injury therefrom. 

n# JVarf Oomf0r0ne§ 

7. Bmltwd —That It la dasirabb, in tbs intemU of wbeat-powiM 
m Aaatfahav that another Intcr-Coton^ Cooferanoa oo tha aubjaal m 
mat mrirtaat wheals and ibatr milling qnalitica be bald two years 
bsMs andar tha asapieaa of tha Tariass Garammao^ and that aaah 
CoafsesMt ba acanpaead aqaafly af wkaai-gfowars, miSatai aad aeias lHb 

V. 7Sft. 




110 


The Agriculiural 


vuHai. 


Report of Committee, 


App. C. \w, 


men having a know ledjfe of wheat and irg diaeases ; audit is farther 
reoommendod that the meeting? above leoo mm ended be held in Mel- 
bourne, Victoria. 


j Publication of Reports on Ejperiments. 

8« Rbsolvk D.“^T hat it in deeirable that reports of the coming 
seasons inquiries and experiments in eich Colony he published bv t)»e 
I respective Governments in the ordinary departmental publications, and 
that an inter-oolouial exchanjje of these reports be effei-ted in the 

naual wav. 

Brislbane ; 28th March, 1894. 


V. — Ubport or CoMMiTTBR, Fifth Confbbtcncf. 

App. C. T. This Conference proposes to inform the public of fhe pioi^ress of 
invostigations blaring on the problem it has now in hand, fnd lifters a 
statemeat of the conclusions at which it has arrived. Ti»e Inter-C olnnial 
Oonference on Rust in Wheat was orijfinally convened by tiu* Govern- 
mant of Victoria in 1891, and it was then thought desirable thut, if 
possible, light abonld be thrown on tho problem — * 

(1) by rtwi^arohes into the Lite- History of the fungus cnnsing the 

disease popularlv known sh rust ; 

(2) by a ('areful study of the difTer»*nl varieties of ubeat ; 

(8) by a varied s^^ries of expenmeuts in the cultivatbiu and treat- 
ment of wlioat ; 

(4) by compiling tbe eipenenoe of practical farmers. 

In suoeeediiiL' years Gonu^rences were held at S\dn»‘y, Adelaide, and 
Brisbane nmpectixely, and al tMwh the ex)>i'nments up lo date were dis- 
eusso<l, new farts were brought forward, and the pnibbuii gradnallr 
timpliSed. ^ 

I To give tome indication of the vasl^xUmt of expnmental work 
which loembt'rH of the Conference have conducted during the poiod that 
; has clapwid sinw* the ftmt t’unferenoM adiourn<Hl, the fallowing may be 
j mention<*il aw some of the many subjects of expcnmenls : — 

I (1) The relations of applied manures to the prevslenco of rust. 

f2) Kffeol of different ayatems of cultivation. 
j ( 8 ) The character of the ffag and straw of wheat as influencing the 
j spread of the disease. 

j (41 The extent to which the roat sporca adheie to seed wheat, 

i (b) liwr.wropioal, obamioal and milling vlaraoters of wheat' and 

' baking tasAa their ftoun to determine the relation of ruat- 

1 reeistaure to other oualitiea. 

(6) The relative wiarite of different varieties of wl»oat, eaiaoiallT their 

rust -resistant prupertiee. 

( 7 ) The cnsation •f ru«.re«i*ting dorU by crow.fertilnUion ud 

selection. 

(81 Tbe reUtion of bMdnM and Mfinrea of icraiiu to raol-t«ii(tM(» 

(0) TV reUtifo ru*l-M*«iaooe of pUnU from Urge and amall mioiL* 
(101 Tbo relMive yield froui nJump and ru»t-ahri»ell»d jrraina 
III) Tb* loUtw oorlmea* of cropt »,in> from otod of 

I larg* and Mnall grain* rr^ieetiTelr. ^ 

I fU) Tbo i^iro earlineoo of plau)* frtm idunp wd rwl-ohm^Bad 
grains rsapeetivelv. 
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(13) The reUtiTe germinating power of plump and mst-ahrivelled , App.O. t- 

grains. t 

(14) The effect on earlinees of the application of different manurea. ' 

(15) Improvemenf' in milling qualities by aeleotion and oroesing. 

(16) The efiFoct of f^ngioidee applied by spraying growing crops. 

(17) Influence of inst'cts as carriers of rust snore*. 

(18) Determination of the particular kinds or rust affecting crops in 

different districts, tlieir life-histories and tbeir effects on the 

host plant. I 

(19) Kffeot in relation to rust of diff**rent Uiues and modes of sowing 

wheat. 

(20) The praotio ability of disinftKitisg and tleaning threshing inaohin- 

ory bv meADs of live steam. 

Reflt^ction ill show that all these lines of experiment have a direct 
hearing on tiie rust piohlom. Numerous other experiments having a less 
obvious hut still fairl\ direct bearing on the question have slso been 
madr hut are not recorded liere. Most of these ei peri rnents are such 
I hut reliabh* (onclusioos cannot be reached from one year's \\OTk. Indeed 
inan.\ of them will require to be earned on through a period of ^ears, but ' 
when results nre available the> will be published by the Department of 
Agrjcultim* of the C<'lon^ in which tlu results have been obtained. 

The Conference believes, however, that already great good has come 
from meetings held in past year* and recognise*, with much satisfaction 
that farnirrs in the se’ ernl Colonies n<»w pay more attei.tion to ths vsrie- 
tien of wheat : that many i*ow at least m part of tbeir area with rust- 
resisting s<irts ; that there is more desue to obtain wheats true to name, 
and that many of the suggestions or lacommendations of former Con-# 
ferences, such as the desirahmtv of sowing early in the aenson and the 
selcH tion of early maturing varieties of wheal are now being acted on 
widely. 

The Conference recognises further that through its influence fann- 
ers in wheat-growing districts in these Colonies have a choice of rust* 
reeistaot varietit^s of wheat capable of giving g^>od average yields I 
and of good milling quality. ' 

Of scarcely lees importance to the wheat-g^wing interests are the 
indirect reaulU of the labors of this Conferenoe. It may be eaid with 
entijne truthfulness that the important results shown by the experiments of 
the different Colonies ss carried out by members of this Oonferenoe have 
given ao impetus to wheat culture in several of the Colonies at a time 
when disease and low prices had briiught the busineee of wheat growing 
into general disref>ote. It has been shown in the oouroe of these experi- 
menta that the Australian CSoloniee are very favourable to the growth, 
m gr«-at Tarietv. of the best and moet nulritioiu wbeaU. The experi- 
inenlal stations have been eeotree from which new and improved varie* 
ties have freely passed tu wheat-growing arena in all the Colonies. In 
llite manner the taitabWneee of dioersnt eorte to the varying eonditions 
of eod and climate covered by these investigations have been demon - 
etrated, and knowledge of the eapacHy of tb# eonotrr for wheat-growing 
extarkdad. These and other rcenlts not nltagetner fvrmafie to the ^ 
or^pnal parpoe» of tl*e Cottferenes have grown ont of ile^bberattons. 

A jpmmeiAt oheteele this Coofereoee bee nset with bee nrieen from 
the ahjeelioae of miOam to nMt.rtaiiMBt wboBto, asd tW aiW»|itiaii { 
af aaaa nriMiaa haa far tkat raaaaa Waa ratardad. Wa naagalM 
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that the dislike (»f ihes® millers for rust-resistant wheats, as such, 
has Lad legiliti ate foundation in the past: for a large section of 
such wheats — the one section, in fact, in which rust resistance is a 
prominent and normal characteristic, consists of the macoaroni wheats 
which from the inferiority of the colour of the flour they yield 4iiid from 
its relative deficiency in strength (although not in gluten) are entirely 
unsuitiiblo for the making of attractive and light bread, while their exces- 
sive hardness causes them to be diflBcult to grind. Many millers have 
doubtless experienced disappointment and loss from purchasing these 
wheats. Such objections, liowever, are entirely inapplicable to the wheats 
this Conference is prepared to recommend to the farmeis as lust-resistant ; 
they are not maccaroni wheats but bread wheats, and possess none (f 
I the undesirable quHlities which are attached to the maccaroni section of 
I resistant wheats ; many of them, in fact, belong to the very sections in 
I which are the wlieats from which the host Hungarian and Minnesota 
I flours are made, and these flours are considered to he among the veiy 
best in the whole vroild. Dr, Cobb’s examinotion also of the relative 
hardness of wheats grown at the Wagga Experimental Farm (whioli, by 
tlie way, possesses conditions of soil and climate which are very faiily 
representative of the great hulk of the wheat-growing country of New 
Bouth Wales, Victoria snd Bouth Australia) shows that the wheats we 
I are prepared to recommend are many of tliem even softer thsn those 
I which the millers are reoammonding lo the farmers, purchasing readily 
and grinding eveiy day; while Mr. (lUtLrie's practhal examination of 
I them with a roller mill has shown that stronger, moio nutritious, and as 
attractive flour can be made in as large quantiiy and with as little trouble 
from a given quantity of most of them, as can be won from the largest, 
whitest, and moat rust-liable wheats the millers view with approval. 

: The opinion this Conference has long held is, that the opposition of 

luillers to such wheats has no legitimate foundation, but arises either from 
j misoonoeption or from conservatisri! ; for the reasons which have been 
I given al>ove this opinion has become a conviction, and this conviction the 
Conference wishes to make pubUe in this report with emphasis and without 
i reservation. 

The Conference considers the oontinuanoe of the work of the Nomen- 
clature Ckimmittee of much impeitance, and especially tliat portion of its 
work which deals with the grouping of varieties of wheal according to 
ihe degree with whiek rust is resisted No rust-proof wbast, properly 
so called, has so far been shown to exist, but there is no doubt that 
wheata vary Terr widely in their liability to rust The terminologv 
hiibeito adopted has been found' very suiUble, and it is thought well 
that it be maintained aivd that wheats be grouped as follows : — 

irieats, snob ss Defiance and Ward’s ProlifiOf 
which rewiit either the entraneeof the myoelmm into their 
tisenes or iU subsequent gvowlb and out -burst. 

Jf«s/-eseajMMtf Wktats such ss Allora f^^cg. Early Para 
and KsrK mart, which, though rusl-lisble. yet when aova 
early or in goisl tune, ripen before the eeaooo is aalbienUy 
advi^oed Tt rust to be propsgsted rapidly. 

XK/.— * SMsi-iuBhlt such as Goklesi Urc^ Bed Btxmw and 

Puvple Btraw, which ver^ readily eneennib to nmL 
The wheats froueed b the first rtaes are ohanetefieed (1) by Ibe thidi 
•r tough ekla u{ the pkiti— eo Uvugh that, ahhoagh the rwat ayoeliua 
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may enter the plant by means of the stomata* yet it cannot break 
through the skin in order to matuie and shed its spores* and accordingly 
its farther development is prevented, or (2) by the presence of a waxy 
exudation on the of the plant similar to the bloom of frnitj whion 

when present about the stomata prevents the rust mycelium from 
entering. Wheats possessing both these characters may be grown nnder 
all conditions suitable to their normal growth without sufiering seriously 
from rust. 

The second class of wheats does not invariably escape rust, yet the 
burden of evidence available to the Conference goes to show that in the 
majority of instances, if sown early* these wneats will escape serions 
damage. Even later wheats, such as Talavera or White Lammas* if 
sown very early, may escape rust in a season favourable for it. 

The Committee with the suggestions of former Conferences before 
it, and in the light of new evidence and information which this Con- 
ference has elicited, recommends that the following oonolnsions and 
resolutions be adopted by the Conference : — 


App. Q. n 


( 3 ) 


A. — Pecommendat^ns to Palmers. 

Although no effective or unfailing means of preventing rust in wheat 
can be advanced, this Conference h of opinion that che risk of loss from 
the fungus may be lessened in a very marked degree by the general 

ad(‘ption of the following rocommendHtiJns wherever practicable : 

a) That early-ripening varieties be cultivated as extensively as 
practicable with reference to the exigencies of harvesting. 
That early sowing, more especially of the later sorts, be adopted 
whenev'or practicable. 

That early-iMjwn crops be planted thinly with due regard to the 
habiU of tillering of different varmties and the local con- 
ditions of soil and climate. 

That thew T»rieticH of wheat which ejperienoo has shown to 
b« rnstTCsistmg or rost-i-scaping, be ^wn mnoh mom 
extensively with due rej^rd to market v^ue. 

Iq this connection the following wheats are reoommended : 

(a) As Ru»t’rett»ta»t —Ward’s Prohfio, Marshall’s 3, Marshall’s 8, 
Australian Wonder, liobin’s Kuet-resistant. For cooler 
disincta,— Defianee wheats such as Wheaton’s R.R., Blonnt’e 
LambngK, Pringle’s Defiance, Tunoaok, Smith’s Nonpareil 
For cooler and moisUr districts, fine wheats snob aa Imp^ed 
Fife and Hornblende. ^ 

Tft) Burt~«teaptHff. —AWor. Pprinff, Bndd’s Early, Earlv Pai*. fWn - 
. niof Downs RB., Early Baart. When late sowiui; u faiewt- 
/ . « , 5’ T*'’J •‘'■onRly recommended to be town, 

(f) Prolific and Moderately Beeistant — ^Talarm* LMk’e White 
Lam mat. ** 


The Goremmente of the eoTeral Colonies represented at thia Conferenoe i 
bare a number of promutog ruat.fosistaot varieties nnder trial j and an 
in a noaitioa to distribute to fannan, who may wish to test small 

•nnides of these which hare ffiven the beet results. Fanners who an 
nhle to try new eorts an reeemmeaded to do eo^ and to make appliMtioa 
to the Oenerument «f their own Colony for small aamples of soite whieh 
hare fiveo ^Meinll;{r promieinK reenlte in it. 

(i) Whoa oowtnf ie nnaroidahly kte, not only shonld early ywietin 
he need, bet than ahenld be aaeompanied phceplmtJe 

F. 
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manures in Older to hasten the maturity of the plaint and 
lessen the lisk of rust, as well as td increase the yield. 

(6) That a oliange from the Purple Btraw wheat, now so generally 

sown, to wheats of the White Lammas and Talavera types, 
more especially in the Colonies of South Australia, Victoria, 
and New South Wales, is desirable. 

(7) Whenever large quantities of foreign wheat are available for 

seed from a climate differing essentially from that of these 
Colonies, it is considered hazardous for farmers to sow them 
on a large scale, however desirable it may be to sow them on a 
small scale for exjieriment. 

The Conference further puts forward the following oonclusions at 
which it has arrived : — 

(1) It is of opinion that there is uo possible treatment of the seed 
that will protect the plants growing from it from the attacks 
of rust. 

Furthermore, that the notion that rast-shri veiled seed can be sown 
with as good results as plump seed is erroneous. 

Of the many practical details which have been demonstrated experi- 
mentally as calculated to diminisli the prevalence of rust, the Conferonoo 
emphatically recommends the lollowing : — 

(a) That seed wheat be allowed to ripen fully and he carefully 
stripped or threshed. 

(ft) That seed wheat be graded and the larger and heavier grains 
selected for seed. 

(r) That the utmost care should be adopted to ensure that the 
varieties of wheat selected for seed be pure and true to name- 


commendations for Ooverntneni Action* 

SSID Wesat. 


Biboltid. — T hat it is deairable that a practical system for the produc- 
tion and distribcUoQ of rust-resisting wheat suitable to 
different disIricU should he maintained and perfected^ 
and that this sjstotn should, subject to modifioations 
neadad by each Colony, ha oonduoted un the following 
linas -Stations in wheat-growing districts in each Colony 
for tba prelimioary testing ot new wheats introduoed 
into the Colony, for the production of new varieties by 
oroas-fartilmtion and by selection, and for the diAribu- 
tioQ ot anitable wheaU thus obtained to reprosentatira 
distrieta of the Oedmy, to be there subjected to a 
anfieiewt hMt and, if noosewury, fixed in their characters 
by farmers and others omnpetent for the work, and that 
Boch wheats as pass satktaoiorily this ieet should then 
be diotribated to the farmers around in syudi a 
and by sneh amoy so woukL he most soitahk to the 
oondilaoas of enA Colony. TAm OM^krmon rfessros Id 
rsfMWl mmd empAosese tie mmfmmii/hJ m ^p ron mi ^ thm 
eewree mdcftnd Af lAe Gonnrmm^ ef Jfme A,mtk 
Wmlm im solwMsoAsd^ m €0mtrml ■Asof mmd 

#neo«r«f*i^f « wwwAor ef fmrmmre tm §w%m fwmssAoo/- 
soMf Irwe le mob# m • nnmmnrtini eools. The msttha 
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which have already been seoored in that Colony are Buoh 
as to justify its emphasizing this approval. 

4pp. C. r> 

MoKBNOLATUBS CoMMlTTBB. 


fissoLVUD. — That in connection with the loter-oolonial exchange of seed 
now bping carried on, etepa be taken to conbnue the 
work of a Nomenclature Committee, and that ench 
Conimittee be coustituted as follows — Dr. Cobb (Chair- 
man), Mr Farrer, Mr Me Alpine, Piofeasoi Shelton and 
Professor Lowrie That one or more delegates from 
eaoh of at least three Colonies shall constitute a quorum. 


Risolvbd —That in view of the definability of the effective oontmnanoe 
of the work of solving the rust problem, it will be well 
that the work of the Nomenclature Committee be ex- 
tended, Slid that to it be committed this task as well as 
that of from time to time making such recommendations 
to Governments of different Colonies as it, as a body, 
oorsideiB will advance the wheat-growing industry. 


Expebiments 


This Conference re-nflirms the desirability of continuing experiments 
and enquiries in directions sKih ns are indicated in previous paragraphs of 
this re^xirt dealing witli experimental work 



Melbourne, May 18 ^ 
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CALOTROPIS PROCERA. 

(SILK-COTTON— FLOSS ) 

[ Thcttonary of Economic Products, Vol, II., C l®*-?-] 

SILK-COTTON (FLOSS) or CALOTROPIS PROCERA. 

Reports on the Fibre Mr C F CROSS, Scientific Referee on Fibres, and MR* 
C E. COLLYER, Practical Expert Referee at the Imperial Institute, furnished 
through Sir F A. Abel, Bart., K.C.B, Honorary Secretary and General 
Director 

In 1894 the authorities at the Imperial Institute asked (m letter BI8TOBT 
No a8 F S S dated i7thJulj)to be supplied with certain fibres BBQOTIT. 
including the bark fibre of Calotropis proccra. The request 
was duly dealt with, and registered (No. 43) for action dunog 
1895-96 

Repeated enquiries had been made for the fioss or silk cotton of 
the seeds Among the samples hitherto received -by this office, some 
uncertainty existed as to whether the Akunda floss snppbed had 
beep obtained Irom Calotropis procera or C. gigantea. 

was accordingly thought desuable to take the opportunity 
afiorded while collecting the bark fibre of Calotropis procora to 
procure the floss also, and in response to this office request a quantity 
was obtained throogh the Director, Land Records and Agriculture, 

Notth-West Provinces and Oudh, from the Sopermtendeot, Govern, 
ment Botanic Garden, Saharunpur. 

A portion of that supply of the floss was according/ sent to 
London. The sample was submitted by the Honorary Secrkaiy and 
General Director, Imperial Insotute, to the Saentific Referee on 
Fffiiea, and also to the Practical Expert Referee trf the InstUute. 
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Silk-Cotton (Floss) of 

As far as can be ascertained, this is the first time a chemical ana- 
lysis has been made of a sample of floss or silk-cotton. The investi- 
gations of Messrs. Cross and Sevan into the constitution of fibrous 
substances has been of the greatest scientific interest as it has enabled 
the whole series of vegetable cellular substances to be classified in an 
intelligible manner. 

Their arrangement of the celluloses, as the result of a large num- 
ber of experiments, may be given as follows : — 

They are first divided into two main groups — 

I, Celluloses resisting hydrolysis (chiefly fibrous). 

3. Celluloses easily hydrolysed (chiefly cellular). 

The first group is again referred to three sub-groups— 

A. — Cotton . . type — Cotton. 

B. — Wood cellulose . type — Jute. 

C. — Cereal cellulose . type — Straw. 

One particular feature of these cellular and fibrous bodies is the rela- 
tive amount of furfural yielded by them Furfural is an oily product 
obtained on distilling bran with hydrochloric acid, but is afforded 
by all the above substances in a greater or less degree. The percent- 
age of furfural yielded by articles of the sub-groups are— 


B«pk flbr* 
B«t Murily 
pnwrMf. 


A. B. C. 

oM 3‘o-5'o 120-150 

The quantity of furfural obtained from the silk-cotton is higher 
than indicated in the above list, and would suggest the inclusion of 
(losses in the second group, which comprises celluloses of the 
starch type. 

The fibre from the bark of the two species of CalotFOpis, vi% , 
Sfiganteft and procera, is being obtained for experiment. Cone- 
spondents have complained of the extreme difficulty experienced 
in separating the fibre in sufficient abunilance and suitable condition, 
but a consignment ta expected from the Direaor of Land Records 
and Agriculture in Madras. 

The information already obtained regarding flosses is, however, of 
■offident importance to justify its publication in Tkt Agricultural 
Ltigtr. The facts brought to light will doubtless be of interest to 
those destiing to develop a trade in this dass of Indian fibres. 8(r 
F. K Abal't letter reviewing the retnlts of eaminaiion of tho flott 
by Mr. 0. F. OroMi Scieiitific Referee, and the opinion tspnmi 

C. 191 - 7 - 



Ledger. 


Calotropis procen. Messrs Cross Collyer. 


CALOTttflV^ 
praeetiL, j 


bj Mr. C E, Collyer, Practical Expert Referee, may accordingly be 
given in full. 


INS' 

mr 


From Sir F. A Abel, Bart , K C.B , Honorary Secretary and General Director, 
Imperial ImiituU, Ltadcn, to George Watt, Eeq , MB, C M , C I E , Reporitr 
on Economic Products to the G( vernmeni of India, Indian Museum, 
CaLutta,—f . S S. Ho, iig, dated London, i8tk September 1897. 


In rijing Seal letter addressed b> me to lou. No. 28, dated 17th 
Julv 1S94 I asked that the Imperial Institute m ght be furnished with 
samples 01 the fibres of Marsdenia tenacissima, Calotropis 
gigantea and Calotropis procera m some quantity,’ and in your 
letter of the 28th August of that year, lou informed me that the fibres 
in que^'lion -were registered to be d( lit rviih in the year 1895-96. 
You also explained that Calotropis procera afforded two fibres, 
but that It was presumed that the bark fibre was the one which we 
desired to possess Up to the present time wc haxe not received a 
sample of the bark fibre in question, but, in June last, I received 
from Mr Roy I® a sample of the silk cotton (floss) of CalotropiS 
procera, to which reference was ma ie by joii in tour letter to him 
of July 7th, 1896 This floss was forwarded together with the seeds 
which, in the letter just referred to, >011 spoke of as deserving of 
chemical examination in consequence of the high position which the 
bark of the plant furnishing them stands in popular favour as a medi- 
cinal agent. The seeds were handed ovc’’ to ProfSBSOr Dunst&n for 
examination, and will no doubt be shortlr reported upon. The floss 
has been submitted by me to our Stientific Referee on fibres, Mf. 
0 . F. Gross, who has just reported ihc following as the results for- 
Disbed by its examination. The more important constants of the fibre 
which has the chemical characteristics of hgnocellulose, are as 
folTowa 


Tbeflesaj 

iSflSiSr 


Moisture . 

Ash • • • 

{ A 

CeDulose • 
Furfural . 


. 9*0 per cent 
. 3‘0 per cent. 

. (1% N, OH) 26* j per cent. (loss). 
. (1% H, SO*) 24*7 per cent (Joss). 

. 69 8 per cent. 

. 19-5 per cent 


“ Mr. Cross states that this floss fibre is an extremely lOtsMStiQg 
chemical type, cootaimng as n does a very high and, in h» experi- 
ence, QBlqne, percentage of furfural. He adds, however, that, 
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although it may find use for some applications of fioss fibre, its 
somewhat unfavourable chemical characteristics are not likely to 
recommend it to the spinner in view of the present low price of 
cotton. 

“ I have also submitted a sample of the floss of Calotropis to our 
practical expert Referee, Mr. C. E. Collyer, who reports as follows:— 

“ This particular floss was in considerable demand in the markets 
a few years ago for fancy textile purposes, but owing to the diffi- 
culties presented by the variations in the quality of parcels supplied, and 
to the intermittent supply when requirements arose, the material has 
dropped out of use. The quality of the Indian growth is inferior to 
the product of Java, which is probably derived from Calotropis 
giganteSi small samples of which have occasionally been received 
from India. The specimen now submitted is of fair colour, and of 
rather short staple and somewhat towy in character, containing an 
excessive quantity of inferior immature fibre and seed fragments. 

“ He has had under his hand many varieties of the floss in ques- 
tion, mostly from Calcutta (where it is sometimes called “ akund 
cotton ”), which were mostly inferior to the sample now submitted to 
him. These samples were sold at as low a price as one penny per 
{lound, and there was but little demand for them at that price. The 
trade in this floss may possibly be revived if a moderate but continu- 
ous supply can be guaranteed. If of good quality, it would realise 
prices ranging from 4rf. to jd. per pound, c. f. and i. terms. In pack- 
ing for sale, the floss should be handled as little as possible, the pods 
and seeds being entirely removed and the floss left in its natural con- 
dition unopened ; any discoloured portions should be separated and 
forwarded separately. The bales received here from Java naoally 
contain 8o to 90 pounds of floss tightly sewn in canvas, Sht not 
pressed. ' • 

*' 1 presume that we shall receive, as promised, samplei of the 
Urk fibre of CiUotropU procent, as iu chemical examination is 
of intnest in view of the popularity of the bark u a medidiwl agent." 


C. I91«7. 
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TERMES TAPROBANES. 

( WHITK-ANTS. ) 

[Dtctionaty of Economic Products, Vol. VI,, Pi, P. 434.] 


WIIITE-ANTS AS A PEST of AGRICULTURE. 

A Note by the Settlement Officer of Balaghat, Central Provinces, prefixed by 
Cl rtain passages, reprinted from the " Indian Museum Notes" , on termites 
in relation to crops, etc. 


The correspondence herein reviewed on the subject of damage to 
plants whue-anls in the Central Provinces is reproduced with 
jiermibsion of the Commissioner of Settlements and Agriculture, 
Centra! I*rovinces. 


Introdue* 

torjr, 


As a useful introduction to the information thereby funiishcd, the 
following [xirticulart of the Pest, taken from the * Indian Museum 
Xides', may be given. 

•rwMOT« i, foe* White-ants — Sugar-cane in the Giridhi 

Sub-division, says the officer in charge of it, is especially liable to the 
stuck of this insect. The Manager of the Chota-Nigpor Raj says 
that Its mode of atUck is to eat up the root of live crops and cause ' 
the plants to die. The ryots, he says, are not acquainted with any I 
remedy for it." C. C. Stevens, Commissioner of Chota-Nagpur, Report | 
dated 26th October 1888, Offiie of Director of Land Records assd Agri- 
culture, Bengal. I 

“ The Personal Assistant to ihe Director of Land Records and j 
Agriculture. Nortb-Wettem Provinces, notices in a report dated goth i 
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White ants as a Pest 
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TORY. 


WhIte-ant. 
la Cawnpur. 


»adla. 


Common 
«rhtu anl 
doiortbod. 


April 1888 that, until the sugar-cane borer (Diatraca saccfaaralis, 
Fabr.) appeared near Cawnpur, white-ants had been found to be 
the most serious pest with which sugar-cane had to contend, though 
they could always be more or less effectively checked by heavy 
watering. 

Volume I, Page 60. — “ White -an ts, said to attack the roots, and at 
times the stems of young plants of all sorts of crops, especially 
paddy, jute, and arhar, also all vegetables, sugar-cane, and big trees ; 
also nee in granaries, timber in buildings, and books in almirahs. 
They are said to disappear from the roots of crops when heavy 
showers fall, but never to disappear from the roots of trees,” 

“These are white-ants Termites (Neuroptera)/’ (Report from 
Collector of Nadia forwarded to the Indian Museum by the Director 
of Land Records and Agriculture, Bengal, see his letter No. 149, 
Agriculture, dated Calcutta, lylh January 1889.) 

Volume IS. Page i 7 ». Para. 930.— “ TcrmCS tapfObatieS, Walkir. 

The common white-ant of Lower Bengal. Very destructive to inferior 
timber and other dried vegetable matter, also attacking young and 
ui\healthy plants. It is likely to be the species which has been 
reported as injuring sugar-cane (Sacchitnim Officinarum) in 


Whti#-ftnUln 

OiOmaU 


tunr- 

oan* 

AttaoMd. 


Rafnadj. 

ttoda 0f 
aapUoaUoii 


Cawnpur. . . 

IV, Page 36.— ' Tcrmcs taprobancs.— The white-ant is 
very destructive on the light sandy soil of Northern Gujarit. 

*' It attacks most crops after they are cut and stored, and hay, corn- 
stacks, etc., must be carefully watched. Corn is always threshed soon 
after it is cut for fear of white-ants entering the sUck. 

“ Sugar-cane suffers severely from white-ants. They burrow into 
and destroy the sets soon after planting, and eat through the junction 
between the young plant and the parent set. so that the latter withers 
off. The remedy always employed is castor-cake. Cultivators apply 
the powdered cake to the roou of the cane, two or three times between 
Mav aud August. The total quanuty given in a season is usually 
between t,soob end s. 000ft per acre. This large application o| 
castor-cake is of course chiefly given as a mannre, and not to keep 
off whtto-anis, but it serves two purposes very effectively.’* (Report, 
dated loih August 1894, by Prttf j. H. Middleton, Baroda College, 
forwarded by the Survey Commissioner and Diiector. Land Recffd| 
and Agncolture, Bombay.) 
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White^antB as a Pest of AgHcuUurs. 
from L 8 Carey, Esq , I C. 8 ,, Commissioner of Settlements and AgncuU 
iuret Central Pto^linceSf Nagfur, to the Reporter on Economic Products 
to the Government of India^ Calcutta^ So. 1668^126, dated Nagpur* 
the 22nd May 1896, 


I have the honour to enclose copy of a note, dated 2nd May 1896, 
by the Settlement Officer of Balaghit, on the damage caused to young 
plants by whue-ants, and to enquire if any efficacious and cheap 
remedy has been discovered in any other part of India for the pre- 
vention of the destruction of trees by termites 

I should be obliged by any information on the subject. 


Copy of a Note^ dated 2nd May i8q^, from th* Settlement Officer^ Balaghiit, 
to the Commissioner of Settlements and Agriculture, Central Provinces^ 

While-ants are especially fond of young mango trees. In some 
villages repeated efforts to make a mango grove have failed on 
account of the roots of the young trees being attacked by white-ants. 

I once doubted this fact and was disposed to believe that in ^^lose 
villages the people were unusually negligcm in watering the saplings, 
and that first the trees died of (hirst and then the white-ants devoured 
the dead wood, as is their ordinary practice. A scientific forester 
had told rac that wlnte-anls atiacked only dead wood, and hence my 
scepticism as to the slaiemcnts of the villagers ; but I am now con- 
vinced that the saplings in many cases die of white-ants and not of 
other causes, that the attacks of the white-ants on the roots are the 
caa|e and not the effect of the trees drying up 

T^e cause that led me to this perception of the truth Is that I have 
attempted to raise a row of half a dozen mango trees close behind 
my bungalow, and 1 have had a nombei of the saplings die, they , 
being in roost caaca attacked by whitc-anu. I have dug up three of 
the ucea in different augea of the whiie-anl disease. One of the 
pfaiAta was almost dead, and it would have been difficult to prove that 
ibe white-ants were not innocent anvengers removing useless dry 
wood Another tree was half-dead, and the theory that eionerates 
the white-ant from the ctiarge of devouring living timber could only 
be maiDiaincd by crediung the termite w th a marvellously accurate pro- 
phetic tnsUna that told the scavenger which of the trees were already 

R4J4. 
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WhitcHints as a Pest 

doomed to die and might be removed as useless, for the tree was not 
yet dead but only likely to die shortly. In the third case the tree 
still looked quite green, save for a suspicion of unhealthiness about 
some of its leaves, and on digging it up I found that its roots had 
been eaten through in places by white-ants, and that a detachment 
of the voracious termites was actually pushing its way up the heart of 
the sapling, eating its path through perfectly good, juicy wood. 1 he 
sight of a channel about gth C7f an inch wide thus eaten out up the 
very centre of a sapling appeared to me to be conclusive proof 
that the mango tree was dying from the attacks of white-ants pure 
and simple, and that the theory 1 had heard put forth in the name 
of Science by a Forest Officer was untenable. That theory appear.s 
I to me to confuse two cases : (t) that in which white-ants attack young 
' tiees a few feet high, eating out the heart of the tree, full of sap though 
j it is, and doing their vrork of destruction unseen below the surface, and 
I (jV) that in which white-ants ascend the outside of a tree in search, 

' presumably, of dead branches on top, 

' The attacks of the first of the above kinds are not confined to 
I young trees. 1 have found fields of tur in wliich a number of the 
I plants have withered owing to the roots being eaten up by white-ants 
I and in gram fields also I have had similar damage pointed out to me. 

If, then, it be considered as proved that white-ants do considerable 
damage to horticulture by attacking the roots of living trees, the ques- 
tion of finding some preventative against their ravages becomes one of 
, practical importance. I have made enquiries as to remedies against 

I the attacks of termites, and found that the popular preventatives are 

I numerous and not usually efficacious. 

' The cultivator starts with the belief that the white-ants have a 
delicate aense of taste or smell, and exercise their ingenuity in invent- 
ing nauseous mixtures with which to vaier the suflFeiiug plant. 
Wilier in which fish has been allowed to decompose is believed to be 
almosi as strong iu efficacy as in stench. Solutions of salt or tobacco 
are about the most popular of remedies. 1 he d/ dye 1 have heard of 
in this connection, but it is not thus used locally. The burying of 
gir in a hole near the tree, in the hope that black-anis will be attracted 
thereby and will incidcnully cat up the Mhite-ant colony, has been 
put forward by villagers. I ha\c also been told to utilise the fact that 
j bears are greedy caters of whue*ants, and to soak a beai^skin in watet 
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and put the termites to flight by applying the resulting liquor, highly 
impregnated with the smell or taste of their enemy's skin. 

None of these piOfjnsals are believed in very much by the people. 

I have mvself tried a decoction of salt and tobacco with some effect, 
but the >oung trees are not thriving on the diet any more than the 
white-ant is. The question of finding a cheap and efficacious remedy 
IS, I subm t worth an enquiry over a largei aica than I have been able 
to arrange toi. 

WHITE- A NTS 
IN TOE 
CENTRAL 
PROVINCES. 


hrotK George Watt, Esq , M.B C.M , C.l E., /fe/’orfcr on LionomL Products 
t( int Guvernvit nt of InJia, to the Commissioner of St ttlements and 
Af^riLULtui e, Central Prrinits^ Nai^puy, No, lyiO — 222 A , dated the 

loth J unt I ^C)f) 

I have the honoui to acknowledge the receipt of )Our letter 
No. — i 26> diiccl ilie 22nd ultimo, and to thank you for copy of 

a iK'ie tlicrewith cncln'^Ld from the Seitlcinent Officer of BalaghAt 
on the subject of damage caused to young plants by while-ants. 
With )Our permission the note will be published at some future 
tiiiic in d review of correspondence on the subject. 

2. In reply thereto I have pleasure in forwarding herewjth a 
sccnon of mv Report on lea Blights relating to white-anis. On 
page II of that paper is described a preparation, Gc/ndal f^luid 
that IS believed to be a useful i)revcntive. 

3, As the preparaiH n is still m a measure on its trial, I shall be 
deeply obliged for the results of any e\jK:nmenls which you may 
direct to be made with the Flu.d 

4 may add that ii i-. btlieved all tbe tngredienu may be 
procured trom tl.c baz.>r 
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ACONITUM FEROX, A. FEROX,v^r. CRASSICAULIS, AND 

A. NAPELLUS. 

(THE ROOTS.) 

[Dteftofiary 0/ Economic Products, Vol, A. 397, 413.] 

The CONSTnUENTS of some INDIAN ACONITES. 

A Report by PROFESSOR Wyndham R, Dunstan, Director of the Scientific Depart- 
ment of the Imperial Institute, London. 

The specimens of Aconite root which furnished the subject of 
this paper, were collected lO the autumn of 1895 in responso to a 
circular letter drawn up by the Reporter on Economic Product! and 
sent to the Conservators of Forests of Bengal, Panjab and North-West 
Provinces. Professor Dunslan’s aork m the chemistry of the aconites 
having attracted considerable attention, Sir F. Abel applied to Uie 
Government of Inda for additional supplies of the roots to enable 
the investigation to be continued The interesting senes of esperl- 
ments commenced in the Research Department of the Pharmaceutical 
Society of Great Bntain and were resumed in the laboratories of (be 
impenai Institute on the reorganisation of the Scientific X>epattmefit. 

Several papers on the subject have appeared tn the Journal of tkt 
Okmical Soattf. The mam features of the research have been the 
esamiaatloB of the roou of Aconitum Ntpellut and an enqoiiy 
into the coosthuuoQ of ns alkaloid, aconitine. An imporunt poblici^ 
tioa by Dr. domlt has appeared coocemtng the root ci A* hCtttFO* 
phyihun and its active principle, aiisiiie. FireHinioaty notices Innre 
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also appeared (Journ. Chem. Soc., March, 1887,) with regard to A. 
feroXi and its alkaloid, pseudaconitine, and an accurate method has 
been devised for the estimation of the alkaloid in the root. 

A. ferox, Wall., grows in Himalayan localities from Sikkim to 
Garhwal at elevations of between 10,000 and 15,000 feet. The roots 
sent to the Imperial Institute were kindly collected by Mr. F. B. 
Manson, Deputy Conservator of Forests, Darjiling Division. The first 
consignment was advised on the 21st December, 1895, and consisted 
of roots of A. ferox (Bikh) (Reg. No. 6812) and roots of Bah 
Bikhoma (Reg. 'Ho. 6&i^) identified as a variety of A. ferox, 
crassicstulis ( — A form described in Monograph on Certain Rare 
Plants of the Ranunculacea , hy P. Bruhl, Annals of Royal Botanic 
Garden, Calcutta, Vol. V.,p.tio), In January, 1896, the remain- 
ing quantities of the same collection were sent to this office by the 
Deputy Conservator and as these were accompanied with botanical 
specimens they had assigned to them separate registration numbers. 
They consisted of the roots Bikh, (Reg. No. 7037) and Kalo Pikhoma 
(Reg. No. 7038). But the discrepancy pointed out by Professor 
Ounstan in the chemical composition of two sets of roots, supposed 
to have been identical, led to a fresh enquiry. In consequence it 
ha'o been found that a mistake had been made by the contributor in 
subsequently assigning the numbers one, two and three in a different 
sequence to that given in the first consignment. In consequence 
No. 6812 was found by Professor Dunstan to differ materially from, 
instead of being identical with, 7037. Further Nos. 7037 and 7038 
were found to be identical instead of independent forms. But now 
comes the most curious part of the enquiry. Professor Dunstan’s 
investigations identify the variety A, ferox var. crassicaulis, 
Nos. 7037 and 7038, as the drug hitherto recognised, and the typical 
form of the Bjiccics A. ferox (Nb, 681 a) as containing a crystalline 
compound not hitherto known. 

It is thus satisfactory to learn that, so far as the enquiry has 
progressed, the botanical isolation of the variety crassicaulis is 
confirmed by the chemical results obtained. 


Since receipt of Sir F. Abel’s letter below, the botanical speci- 
mens corresponding to the above roots have very kindly been 
examined by Drs. King and Prain and the identifications critically 
confirmed. But in order to .illow of a more complete enquiry stq>s 

A* 
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ttrm* 


have been taken to obtain further suppiU* jf the two Darjiling 
forms A. ferox and A. fefox variety crassicaulis. 


pyom Sir F. A. Abel, Bart., K.O.B., Honorary Secretary and General 
Director^ Impifiol London, to George Watt, Esq., M.6., G.M., 

C I.E., Reporter on Economic Products to the Government of India, 
Indian Must urn, Calcutta, — No. 120 F. S. S., dated London, 30th October, 

I have the honour to forward, herewith, a second Report by 
Professor Ounstan, the Director of the Scientific and Technical 
Department of the Imperial Institute, on certain results furnished 
by investigation of the constituents of some Indian Aconites ; and I 
would direct attention to the suggestion that a farther snpply of the 
roots of Nepaul Aconite (Aconitum ferox) is desirable, with a 
view to the fuller examination of the crystalline alkaloid which has 
been extracted from one specimen Further samples of the roots of 
Aconitum Napellus might, as Professor Dunetan points out, be 
furnished with advantage 


r port by the Director of the Scientific Department on^the 
ConeUtiientH of some Imllan Aconites. 


In continuation of previous investigations, already reported 
(Report on Aconitum heterophyllum, dated 35th July, 1896; 
Second Quarterly Report to the Indian Committee, dated 7th Janu* 
.try, ih(y7; Annual Report to the Indian Committee on Investiga* 
lions conducted for the Government of India, for the year ending 
1st April, 1897 , letter No. 1 16 F. S. S , dated July aand, 1897) of the 
constituents of the various Aconites occurring in India, a qualitative 
and^ quantitative examination has been made of the alkaloids 
conuincd in s^tecially collected samples of the roots of Nepaul 
Aconite (Aconitum ferox) and of Aconitum Nftpellus, which 
have been received from the Reporter on Econmnic Products to the 
Government of India (leucr No. 1369—116 F. S. S., from Reporter 
on Economic Products, dated May ijtb, 1896). 

Nepami Aamite (Aconitum ferox).— Five samples of roote 
liave been examined, one from the Pan jab, the other foor from 
Bengal With the exception of one oi the tatter specimens 
(So. 68 1 3), a'l these roots furnished a crystalline alkaloid irfiidi 
‘T)xrctp‘'nJ<^ in everr respect with the highly pnftfmm 
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* pseudaconitine ' of which an account has been already published by 
Mr. F. H. Carr and m}self {Journal of the Chemical Society^ 

A further description of the properties and physiological action of 
this alkaloid will shortly be communicated. 

A crystalline alkaloid was extracted from one specimen of roots 
(No. 6812), certain properties of which do not exactly correspond 
with those of pseudaconitine. If a further supply of these roots can 
be procured, I should like to examine this alkaloid more fully. 

The quantity of pseudaconitine contained in each sample has 
been estimated by a process which consisted in the extraction of the 
alkaloid and the separation from it by hydrolysis of the veratric 
acid ; by these means the following results were obtained : — 


Indian 

Invoice 

Number. 

^ Imperial 

1 Institute 

1 Number. 

1 

Name. 

District. 

Percentage 

of 

Atualoid. 

68od 

7 M 9 

A. ferox . 

Bashabr through the 
Conservator of Forests, 
Panjab. 

•40 

6813 

7>5* 

1 

A. ferox, var. crassi' 
caulis. 

Through the Deputy 

I Conservator of Forests, 
Darjiling, Bengal. 

•41 

7^37 

7153 

A. ferox . 

Ditto ditto . ' 

•39 

7b3B 

7'54 1 

1 

A. ferox, var. crassi- 
cauils. 

Ditto ditto 


6813 

7150 1 

A. ferox . 

Ditto ditto 

•35 


proportion 

ofpMud- 

aoonlUno. 



I These results are interesting in revealing a larger percentage of 
pseudaconitine than has hitherto been supposed to occur in the roots 
of this plant, in one case as much as half per cent, being present. 
These roots, therefore, contain a larger proportion of pseudaconitine 
than the roots of the closel) allied Aconitum Napellus conuin of 

aconitine. * 

' The investigations nhich are'being conducted by the Scientific 
Department render it probable that Nepaul Aconite and its active 
alkaloid, pseudaconitine, will prove to be as valuable medicinally 
as the Aconitum NnpeUus and iu active alkaloid, aconitine, which 
j are now almost exclusively employed in Europe. At present there 
is no Urge demand for Nepaul Aconite in the English market. 
! chiefly because of the uncertainly which has hitherto satronnded 
dm nauiTU of lU consUioaiU and their precise medical action; 
even the exact source of Nepanl Aconite is not yet settled ; slthoogh 
the plant is osnslly regarded as Aconitum fcroXt there is some 
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reason for doubting whether this is the case. 1 hope that the 
attention of the Botanical Survey of India will be directed to this 
question. 

Aconitum Napcllus. — ^The one sample (6803) of the roots of a. sapoiH 

9t poor 

this plant came from Kaghan, Panjab. On examination the roots sample, 
were found to contain the same constituent, aconitine, as the plant 
furnishes \\hen gro\\n in Europe. The proportion of this alkaloid 
in the present specimen is very small, and the sample compares 
unfavourably with the roots of European origin which appear in 
the English market. 

I shall be glad to receive for examination specimens of the 
roots of these two plants from other districts of India, and also of 
the roots of any other species or varieties of aconite than those with 
which we have already been supplied. 

A further report will shortly be made on the examination of 
the later series of aconite specimens received in June, 1897, 
including a preliminary account of the constituents of Aconitum 
palinatum. 
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[Dtctionaty i/ ht-oiijmic Prodints, I'o! V., Pt. /, M. 651-7x6.3 

.^L l L'i;iIV.\TI(».V DVl ING am> TRINTING in the CENTRAL 

rUc >VINC I S. 

h’otvh^ Mr. R 8 JOSHI, Supcri’iltndent, Nagpur Experimental Farm, specially 
deputed by tin (ommusionfr of Sittlements and Agriculture, Central 
Proinncis, to iniHsUgaie the subject in the rural districts qf Nagpur. 

^ ^ ^ 

At,'rt,eali v to the .iistruttioni (.ontiineo in Gomraissioner’s letter 

No 4 57 — «^'3- I 2 't* No'.emher i%h I proccciicd on tour on OHglnor 
the lali U'CLember ibi/i to the pLces where ,-// is lemg cultivated 
which are K.«lii,cshw.ir. Saor.er, s.iorgaon, Narkhcd, Patansaongi, 1 
and Kh.i{u 

2 The vdlagesin the Kalmeshwar Circle where /4'/isfound under 
cultivation, are Koosumbi. Waduna, Khurd.% Uhah, Kapri, Saoner, '•cumwikl. 
faijsirkl edi, Dudhliardi an 1 ''loiigi. T1 e vdlarev of Belona, Narkher, 

P'lapur, Pardi were famous for Al ru'iiv.it.on some ten jears ago- In 
these places a fe v remnants of old trees of Al are found here and 
there on the herders of the fie! Is in a neglected state. A large 
number of trees are cut up every jear for fuel by the cultivators, and 
the fields are prejared for juar and other crops llie places where 
cloth IS djed arc Patansaongi, Kalmesbwar. Saoner, Naxkhed and 
Saorgaon. These places are situated near a ruer with niiuiiDg water, 
and have, therefore, become the seats of this industry as watitf fa 
requued in large quanuty for dyeing cloth. Al! dyers use the ^nilme 
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colours, and not Al All of them are in a critical state o\Mng to the 
competition amongst themseUes for selling their d}ed cloth at a 
cheaper rate The customers hesitate to pa\ a high price for cloth 

d\ed with Al and prefer to purchase at a cheajer rate cloth d>ed 

with Aniline d\es although these colours fade in a \ert short time 

3 AI which IS cultivated in the villages mentioned above is sold 

b\ the cultivators to traders who take it to Mohali a vilhge in the 
Ilhandara District Tumsar Andhalgaon Gihora Alelediwada Seoni 
Katori and Benni. Thev told me that this Al is used for colouring 
>arn in those places A trader from Pandliaiia in the Bihspnr 
District took 20 bojas costing R6oo in i8g6 from a cultivator ot 

Saoner b\ name Dhirmi Brnsiam a Lt Ihi b\ cistc and residing at 

Sioner The varn dvcd with 4/ is used In the Ahhar vcervers to 
serve as red borders for^a^r and dhotis This cultivator Dharma 
Paraeram also told me that there has been a greater demind for 41 
during ihc ptsi two \ear& Tlu lojlcluvc t iken a likmg lor the 
41 (he in ] reference to Aniline colours He himself his some nel Is 
sown with Al in llie s of Dudhbar h an ^ mgi 

4 W rth reference lO C ommissioner s end >rsL men 

dated 2nd Ahv 1^96 1 submit m\ notes c:i\in^ iIk information 

re^eircd to in piragrajihs 3 and 4 ot Dr Watt’s kiler 


Formi of 
^0 pignt 
mti with. 




{a) Fvrma of the Morindii riant found — ic(.omjnnMnt» 
specimen- represent the different forms o' Mormda marked Cho/i-U 
Sadi-alaxii SiroHj Choti-ai is t cu'tivited phnt two \cirs old 
Badt ft/ 16 the si>ecimen of a tree fift\ \cars old, ml its height is 
about 30 feet Stron; is a epccimcn of a plant the seed of which 
will produce fruit in the third year 

No. i laa specimen of Ckoti-41 two old iht roots of i,hich are 

)utt fit for being dug up 



No. 3 three years old. 

No. 3 Stronj, three >ears old. 

No 4 Bad$’4l tree 30 feet high, the circumference of liie stem being 5 
feet 

No. 5«p«)menof Stronj, id*o a tree ao feet high, stem 4 fee* in 
ctrcamference. 


WTien touring with Dr Watt we did not come across the last- 
meutioncd wnijile When I invfiectcd the fields sown with Btuh 41 
at Koosumbt, I found that some plants had (luit and flowers and 
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some had not. I, therefore, asked the cttWVitors the reason for 
this. The explanation they gave me was, that this form of plant 
which bears fruits the third year is produced from the seed of 
Badi-dl its'^if I "as not satisfied with this explanation, and I 
requested them to sliow me the trees {rem which the seed was collected 
The' were una'se to do so, the .seed being bought by them. When 
I arrived at Ubah 1 found a gro.e of Al trees m which some trees bore 
fruits, and some did not. I here also a marked difference in the 
folia^^c ami colour in the lca\cs of the tree. 

The leaves ot the tree with fruit were narrow in comparison with 
the eaves of the tree winch had no fruit see Sample {4 and j). On 
cnquir\ 1 wis told th it tin trees in Kiit are called Sironf. and they arc 
produced from the s^cd of the Chon-al The flowering season of thi‘ 
tree is pist me same a.s smai J/, while the Badi -61 tree flowers m the 
ln)t wcithei When llie seed rij»cns a is collected from the Badi-iJ 

tret aswtH trees wh ch arc growing together When this seed 

IS sown plants known Budi’ul irc pioduccd which do not l)ear fruit 
(o’- iWi or SIX \eu8, om tim seed of Sir on/ pro Imes seed the third year 
There ire theietorc ihiee distinct plants ot T/ proiluces seed 

intwoscafN Sir fr .n thr c\eu‘' ar n / /alter five dr seven yiars 
(1^) }} hethvv abuiiflant or otfu rndse.-^l stated above 

tint the ciiliiv iiion lias dra^ isi d, and liierclore the lic*ds arc not in 
al>un(lim.c In ewh of the \. iges nou I above, there are not more 
than I acres ot Al un ler cu tivalion 

ic] If hethev a Shrub or a Trrt , iu other wordn^ the age 
and height to which if ifro\tm,— Choti-iil Sironj dXM\ BjJt-al, when 
cu iivaicd, are m a form of shrub from i to 3 f<ct in height The big 
trees are from 2 10 4 feet in ht ^hi and art 1 am told, 30 to 4c 
vears o d 

SritfumM of /lowering and of fruUing^^C/iolMUdinA 
grow n from seed lu'ir 11 »wcrs in the midddlc of August ana 
the fru.ts npeu n I)eteml>er Balt-al loossoms m Ma) and June, and 
Its fruit rpens in Scpteniber Oc'ubcr and November 

(t) H hether the root§ are eolieeted and §oid a» a dye- 
maieriaL^J\\t roots arc codec ted and sold jls a dve-iiufl 

When I visaed Dudhbardi the digging up of the Badt^l plantiv ! 
w as proceeding. Tht7 were dug up by a kudali or pickaxe. One 
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man is able to dig in one day 2o'xio'x2'. When he digs and 
takes out the roots he separates the small roots from the big ones 
and places them m different baskets. The roots are sold by hoja^ 
which is 28&Ib. The value per hoja is R25 to 40. As soon as 
the roots are brought home they are divided according to their size 
and cut up into sm ill pieces on a block of wood and sorted into 
three chsses— bi^, middling and small. Small pieces fetch a very 
high price as it conta ns more substince and less wood. 

(f) Season of sowing^ nature of §oil required, etc. 

seed, either of Chott or Bidt, is sown at the beginning of the rains. It 
requiries Mooramduyavi soil, soil containing 6j per cent, of clay. 
The field should not be \\ater-logged. It is so\\n by a seed drill 
length\Mse and cross^\lse. It is sometimes sown broadcast. The 
seed of Jiadi-xl being big is so\^n at the rate of i6Dlt) j er acre and 
CArj/i-d/ seed being small IS sown at the rate of 8olb per acre. Ihe 
seed germmates after 20 di>s. It requires weeding b\ hand after j. 
month Uj) to No\cmber or December two or three weedings take 
place A bullock hot cannot be worked as the seed is sown cross- 
wise. Cattle are not very fond of eating the plants, but during the 
seconl \ear, care has to he taken to w'ard off the cattle to prevent 
them from tramphng the young plants Choft-al occupiess the field for 
two )ears, and Badi-il from three to five vears, but this period is ex- 
tended bv one or two veus just as it suit^ the cultivator. The vieM 
of root per acre .of Chott-nl is i,i(; riband the >icld of Badi-nl is 
double that of Cho/t-dL 

(gf) Whether two fJMinciive forms of Al exist —A 
distinction between Cho!t and Badi-al exists in the places visited bv 
me. Chofi-dl comes to matunij in two vears, and Baut-al m from 
three to five jeirs St ronj corner 10 matuniv in three years, but 
nobody rows a field of Siren; scptralclv. 

(M) J^mand for A ! — If a demand were created, a large 
quantity oi ^ I would be produced. 

Consumption of AJ , — The consumjMion of has declined 
and the cultivators aunbuie u to a deerctse m the demand. The 
dms get Aniline colours chea[)er, and therefore do not uke the 
trouble of buying A I roots and preparing a d}C colour from them, 
vhi^ it a troublesome process 

M. 
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(j) PogsibUity of the adoption of Hummel and Perkin^B 
method of preparing a The cultivators will not be 

able to prepare a d) e-stuff, but if a merchant or a firm prepares it 
and sells it at a rfi’^'^per or at least a price equal to that fetched 
1 )) Ali7innc the ' 1 }ers will buy it willingly and use it for 
(Ijeing the c’oih If the lomand iS increased, the cultivators will 
produce the roots in an\ quantit). The superiority of the All 
d^e IS recognized b) the dyers as wed as b} the customers, but the 
customer »s unwilling to loosen his purse and the djers, therefore, 
bring an article to the market which can satisfj the customer, 

I now proceed to linc an account of the method of djeing a Pfooass of 

dyoliiff, 

lIoiIi with Al. Ihiv method was described to me b\ Ja^oba ShamoJI 
Rangari of Paian^sonf;!. 

( I ) Stage — 7 'be first process consists in steepinc; the cloth 

in a su ution oi sheep’s dung for 24 hours, next morning it is washed 
in running water and spread m the sun for dning, water being 
sjirink’ed over it about a do/eii times. This process occupies one 
dav A 'lample ol cloth which has passed through the above process is Reg. No. 8914 
No I The proportion of sheep dung to water is i to la. 

( j) Second Stage. — .Sample No. i is steeped six ’times in a solu- 
non consisting of sheep dung r^Ib. papadkhar (S.ithple No,6) 581, | Reg No. gaig 
ci''tor oil sill and water to firing it to the consistency of a liquid, and 
dric 1 SIX limes, i.e , six coatings of the above solutions are given. 

1 1 c above solution is suflic ent to die 100 vards of cloth. The same 
V nth IS afterwards soaked in a soap solution six times and dried. 

1 he solution of -.oaiifor 100 yards of cloth is i|tt) Soap ^SampIeNo. 7) ^‘fgo***?**** 
and w Iter sufiicient to sleep the c'oth Sample No. 2 ha* passed ***(go****** 
through the above procCibcs and Occupies a day or two in preparing it. ** * 

• ( 3 ) Third Stage— Ji e above samp.c i«next washed in running 

and dipie 1 when wet in a 10 ulion of myrabolan (xllb jnvra- 
l 0 n powder an 1 water suiTicient to dip loo vards,— only the skin of 
the fruit IB uken and tf e seeds are thrown away ) The cloth is then ' 
dr.ed A sample is appende<l m>rkel No. 3. Reg. N«.Mt9 

(4) t'ourth Stage — The cloth is again dipped in a solution of ' ** * *** 

afc of alum and dned. No. 4 •» given to this sample | ***(fWff%h**^ 

(5) Htage —Sample Na 4 » wa*hed in clean water and 
dried in the sno Thu piece of cloth is then dipped m a copper vessel 
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containing water and i8Ib of powdered Al roots. It is boiled until it 
bubbles, the cloth being turned up and down while boiling. The cloth 
after cooling is taken out of the solution and washed and dried. 

This sample bears No. 5. In order to gi\e the cloth some degree 
of stiffness, it is dipped in a solution of rice flour kanji. 

(6) Siorth Stage, — When the cloth is to be printed with any design. 
No. 3 sample is taken and printed with wooden moulds with an ink 
made of the following ingredients, viz., 2ll> gum, ilbred ochre 
ift) sample No. 8 alum, and lotb water. When the above substances 
are well mixed, they are passed through a cloth and the ink is ready 
for use. There are two kinds of ink — red and black. The above 
ingredients produce a red ink. The sample is maikcd fl-A. IViack 
ink IS produced thus : — Sulphate of iron ill), gum ill) and 4lb wiiei 
The above substances are well mixed and strained. 

A sample printed wath this ink is marked 6-R in sample 6. This 
containk several kinds of pr nied designs with the above two inks 
(7) Seventh Stage — T he printed cloth is li^htlv waslicd in f lean 
water and dyed red hv the iillli process, wl cn /; uul J\anyn 
aie to be piepired Sample No 7 i'- a picie of ] ihun 

(h) When the cloth is to be use I for Fatah and for weir- 

ing, ,'hc prime 1 cloth is taken and di])} cd in a solution of 2lti of 
powdered mv rabalans and wMler and then dried. It is afterwards 
dipped in a soluuon of 2ll» ol alum and waier and dried. 1 his c oih 
is then washed m the running water and dried, and then dved with 
Al dye with the fifth process Sample No, 8 has gone through all 
the above processes. 

Specimen No 9 is of a pkant locilh called Dhait, The flowers 
of this plant arc used for colouiing the cloth before it undergoes the 
fifth process. It produces a )eHow colour b) using it a smaher 
quantity of Al roots it needed to colour the cloth. It is not necossarv 
tluLl cloth to be dyed with A I dye should l>e dif>ped in a vat contain- 
ing the above flowers. The colour obtained from these flowers is 
stmplv an adjunct 

With reference to paragraph 3 I submit the botanical s^R'cimcns 
of the pianl in diRcrcm stages of its growth — 

N<x to Oe/fni/ plant 6 months old. 

No, lO-A ditto ditto. 

Na 11 Cio/i*-d/ iS months old fit for digging. 
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No. ii-A Chofi-al i8 months old fit for digging. 
No. 12 Badt-dl 6 months old. 


No 

1 2- A 

ditto 

ditto. 


No. 

13 Badt 

-al 3 years old 


No. 

i 3-A 

(liao 

ditto. 


No 

14 i>ir '< 

;/ 3 year'^ old, found in the field of 

Badt-dl from 




which sample No. 

13 is selected. 

No 

I4-A 

ditto 

ditto. 


No 

15 old stumps of Al growing in a juar held. 


No. 

15- \ 


1 no (Into. 


No 

16 Bddt 

-t/r tlLC' 

30 feet high at Obali 


No 

I6-A 

iiiUo 

ditto 


No 

17 

ditto 

ditto Pardi. 


No 

j-A 

ditto 

ditto 


No 

18 tree 

growing side b) side to No. H 

5 at Obali. 

No 

18-A 


d Vo 

ditto. 


(roots) 

d’) No 

19 an 1 lott) C/io/i-al roots. 



No. 2 , I II ol BaJt-al roots m 3 b’igs sorted as Y small 1 
muldling, big ( 

No. 21 Simp e of c-^ear old Radi-dl roots catefl bjr worms but 
wliiLh can be used b\ d)trs as veil. 

No. 12 I II ot Sv >ft/ routs. Thib is not sorted into grades. 

No. 23, Jhi i,~al seed. 

No. 24 Choii-di seed. 

No (c) Ab for Morinda umbcllata, I* did not come across 
tiu p’ant and I am, therefore, unable to collect eiihcra botanical 
specimen or ns roots. 


I 
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All communications regarding The AGRICULTURAL LEDGER should 
be addressed to the Editor, Dr. George Watt, Reporter on Economic 
Products to the Government of India, Calcutta. 

The objects of this publication {as already stated) are to gradually 
develop and perfect our knowledge of Indian Agricultural and Economic 
questions Contributions or corrections and additions will therefore be 
most welcome. 

In order to preserve a necessary relation to the various Department! 
of Government, contributions will be classified and numbered under certail 
series. Thus, for example, ppers on Veterinary 8ubj[^cts will be regia* 
tered under the Veterinary Series , those on Forestry ip the Forest Scnee. 
Papers of more direct Agricultural or Industrial interest will*be grouped 
according as the products dealt with belong to the Vegetable or .^nimal 
Kingdom. In a like manner, contributions on Mineral and Metallic sub- 
)etts will be registered under the Mineral Series. 


TbM iheel aad the title-pae* may bt rcmoYid wban tb« cubiact-iuttar ti SUd w Kg propar placai 
icoordiAf to UtUr Md »«mbtr fbovn tt tbo botton of mch ptft* 



NOTICE. 

— - 4 -- ■■ 

FutufeslssueB of this pabllcation placed nnder either the *' Special Veteri* 
nary” or Special Forest Series ’’ will not be included in the annual enuineratidn. 
Such papers are printed for Departmental purposes. Their unfortunate Inclusion 
In the system of annual numbering has led recipients of the ordinary issues’ to 
think their sets incomplete. 

The following {v^mphlets have already appeared as Special issues, and have not 
nccwdinglf been furnished tc the public : — 

1B94 . * Nos. 8, 9, 10, 11, 13 and 15. 

1896 * . No. 8. 



